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FOREWORD 
--
This  r e p o r t  p r e s e n t s  the  r e s u l t s  of  the  h igh p r e s s u r e  compressor aero- 
dynamic and mechanical d e s i g n  performed by t h e  General E l e c t r i c  Company f o r  
t h e  Nat ional  Aeronaut ics  and Space Admin i s t ra t ion ,  Lewis Research Cen te r ,  
under Contract  NAS3-20643. This work was performed a s  p a r t  o f  t h e  A i r c r a f t  
Energy E f f i c i e n c y  (ACEE) Program, Energy E f f i c i e n t  Engine ( ~ 3 )  P r o j e c t .  Mr. 
C. C. Ciepluch i s  t h e  NASA P r o j e c t  Manager, and Mr. P. G. B a t t e r t o n  is t h e  NASA 
A s s i s t a n t  P r o j e c t  Manager. M r .  R. 3. Hager i s  t h e  NASA P r o j e c t  Engineer respon- 
s i b l e  f o r  managing the  e f f o r t  a s s o c i a t e d  with the  high p r e s s u r e  compressor 
component d e s i g n  p resen ted  i n  t h i s  r e p o r t .  Mr. R .  W. Bucy is  t h e  M a n a ~ e r  of t h e  
Energy E f f i c i e n t  Engine P r o j e c t  f o r  the  General  E l e c t r i c  Company. This  repore  
was prepared by Messrs. P.R. Holloway, C.C.  Koch, G.L. Knight,  . . ld S .J .  S h a f f e r  
of t h e  General  E l e c t r i c  Company, Evendale ,  Ohio. 
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S u p e r s c r i p t  
* R e l a t i v e  t o  Ro to r  
1 .0  SUMMARY 
T h i s  r e p o r t  summarizes t h e  r e s u l t s  of t h e  d e t a i l e d  d e s i g n  and a n a l y s i s  
e f f o r t s  on t h e  h igh  p r e s s u r e  compressor  (HPC) f o r  G e n e r a l  E l e c t r i c ' s  Energy 
E f f i c i e n t  Engine  ( ~ 3 )  System a s  p r e s e n t e d  at NASA-Lewis Research  C e n t e r  on 
J u l y  28 ,  1981. P r i o r  r ev iews  were p r e s e n t e d  i n  a  Compressor P r e l i m i n a r y  
Design Review (PDR) d e l i v e r e d  a t  NASA-Lewis on February  8 ,  1978 and a  Com- 
p r e s s o r  I n t e r m e d i a t e  Design Review (IDR) h e l d  a t  G e n e r a l  E l e c t r i c ' s  Evendale  
P l a n t  on J u l y  19 ,  1978. 
During 1975 and 1976,  a n  e x t e n s i v e  compressor  o p t i m i z a t i o n  s t u d y  w a s  c a r -  
r i e d  o u t  under  t h e  AMAC C o n t r a c t  (NAS3-19444) t o  i d e n t i f y  d e s i r a b l e  compressor  
d e s i g n  f e a t u r e s  f o r  a  s u b s o n i c  t r a n s p o r t  eng ine .  During 1977,  t h e  AMAC d e s i g n  
was r e f i n e d  w h i l e  c a r r y i n g  o u t  Task  5  o f  t h e  ~3  s t u d y  e f f o r t  ( C o n t r a c t  NAS3- 
20627) . 
The s e l e c t e d  compressor  c o n f i g u r a t i o n  h a s  a  c r u i s e  p r e s s u r e  r a t i o  o f  
2 2 . 6 : l  i n  10 s t a g e s ,  a n  a d i a b a t i c  e f f i c i e n c y  g o a l  of  86 .1%,  and a  p o l y t r o p i c  
e f f i c i e n c y  o f  90 .6%.  The c o r r e c t e d  a i r f l o w  i s  53.5 k g / s e c  (118.0 lbm/sec ) .  
A t r i r n e t r i c  of t h e  ~3  i n c l u d i n g  t h e  high-s t age - load ing ,  10-s tage  com- 
p r e s s o r  i s  i l l u s t r a t e d  i n  F i g u r e  1. The Compressor D e t a i l e d  Design Review 
(DDR) inc luded  p r e s e n t a t i o n  of b o t h  aerodynamic and mechaa ica l  d e s i g n  i n f o r -  
mat ion .  Prcgram g o a l s  and s p e c i f i c  aerodynamic g o a l s  f o r  t h e  compressor  a r e  
l i s t e d  i n  Tab le s  I and XI. 
Tab le  I. E~ Program Goals .  
I n s t a l l e d  s f c :  >12% Improvement Over CF6-50C a t  Mach 0 .8 ,  
10.7 km (35,000 f t ) ,  Elax. C r u i s e  
9 D i r e c t  O p e r a t i n g  C o s t :  5% Improvement Over a  S c a l e d  CF6-50C, 
Same Advanced A i r c r a f t  
Noise:  Meet EAR P a r t  36 (March lr73) P r o v i s i o n  f o r  Engine  
Growth 
Emiss ions :  Meet EPA Janua ry  1981 S t a n d a r d s  
S f c  D e t e r i o r a t i o n :  0 .5  o f  CF6-50C 
Commercial Design P r a c t i c e s  
Figure 1. NASA/GE Energy  E f f i c i e n t  Engine.  





T a b l e  11. FPS Compressor Aerodynamic Design Goa l s .  
Evolved From AAWC Study 
0 O p e r a t i n g  Pa rame te r s  (Max. C r u i s e )  
P r e s s u r e  Rat  i o  2 2 . 6 : l  
Nurnber of S t a g e s  10 
Goal  E f  i i c i e n c i e s  
A d i a b a t i c  56.1% 
Po l y  t r o p  i c  90.6% 
C o r r e c t e d  A i r £  low, 
53.5 k g / s e c  (118 .0  l bm/sec )  
The component t e s t  program f o r  t h e  compressor  ( F i g u r e  2 ) i n c l u d e s  t h r e e  
f u l l - s c a l e  t e s t s :  a 6 - s t a g e  r i g  t e s t  comple ted  i n  e a r l y  1980,  a  10 - s t age  r i g  
t e s t  run i n  t h e  f i r s t  q u a r t e r  of  ?981,  and a  second 10-s tage  r i g  t es t  planned 
f o r  t h e  l a s t  q u a r t e r  of 1981.  I n f o r m t i o n  from t h e s e  t e s t s  is b e i n g  used t o  
s e l e c t  a  c o n f i g u r a t i o n  f o r  t h e  c o r e  e n g i n e  tes t  schedu led  f o r  A p r i l  1982 and 
t h e  I n t e g r a t e d  Core!Low Spool  (ICLS) t e s t  s l a t e d  f o r  l a t e  1982. The t e s t  
r e s u l t s  w i l l  a l s o  b e  used  t o  p r o v i d e  t h e  t echno logy  base  f o r  t h e  F l i g h t  Pro- 
p u l s i o n  System (FPS) compressor  c o n f i g u r a t i o n .  Pho tog raphs  o f  t h e  s i x - s t a g e  
r i g  and t h e  f i r s t  10-s tage  r i g  a r e  shown i n  F i g u r e s  3 and 4 .  
F i g u r e  5 shows a  view of  Gene ra l  E l e c t r i c ' s  F u l l - S c a l e  Compressor T e s t  
F a c i l i t y  (FSCT) and T a b l e  111 l i s t s  t h e  f a c i l i t y  t e m p e r a t u r e  and p r e s s u r e  
l i m i t s  a l ong  w i t h  t h e  d e t a i l s  of t h e  e x t e r n a l  f low c i r c u i t r y .  
C r o s s  s e c t i o n s  of  t h e  compressor  r i g s  a r e  shown i n  F i g u r e s  6 and 7 ;  t h e  
forward c a s e  assembly and r o t o r  assembly ( f o r  t h e  10 - s t age  r i g )  a r e  i l l u s -  
t r a t e d  i n  F i g u r e  8 .  T e s t  o b j e c t i v e s ,  i n s t r u m e n t a t i o n ,  t e s t  summary, and 
r e s u l t s  a r e  l i s t e d  i n  T a b l e s  I V  th rough V I ,  and T a b l e  VII shows a l i s t  of 
hardware  f a b r i c a t e d  f o r  t h e  program. 
The f o l l o w i n g  s e c t i o n s  p r e s e n t  t h e  d e t a i l s  of t h e  compressor  d e s i g n ,  
d i f f e r e n c e s  between t he  proposa l  compressor  and t h e  r e f i n e d  v e r s i o n s ,  and 
t e s t  r e s u l t s  from t h e  s i x - s t a g e  and f i r s t  1 0 - s t a g e  test  r i g s .  
F i g u r e  2. HK: Develop~nent T e s t  Program. 
Figure 3. S i x - S t a ~ e  Compressor Rig. 
U, 
Figure 4. Ten-Star Compressor Rig. 
Figure 5. Lynn fill-Scale Compressor Test Facility. 
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Figure 6. Cross Seclion of Six-Stage Compressor Rig. 
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Figure 8. Ten-Stage Compressor Rig 
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Tab le  111. component T e s t s ,  
. 
Three  Component T e s t s  i n  Lvnn FSCT F a c i l i t y  
FSCT F a c i l i t y  Limi ted  t o  400' C (750' F )  and 
1.61 MPa (233 psis) 
- Ambient I n l e t  Tempera ture  Running L imi t ed  
t o  92% Core  Speed f o r  F u l l  10-Stage  Rig 
New I n l e t  R e f r i g e r a t i o n  System Used For  
T e s t i n g  i n  High Speed Range 
- I n l e t  Tempera tures  o f  -62" C (-76" F) 
- P h y s i c a l  Flows L imi t ed  t o  1 7 . 7  k g / s e c  
( 3 9  lbm/sec)  
Ro to r  Cool ing  C i r c u i t  Supp l i ed  by S e p a r a t e  
Shop A i r  L i n e  
A l l  Bleed Flows Measured S e p a r a t e l y  
Table  I V .  Six-Stage Rig rest Summary. 
117:30 Hours of T e s t i n g ,  1-25-80 th rough  2-29-80 
44  S t a l l s  ( 1 3  a t  90% Core Speed o r  ~ b o v e )  
Max. P h y s i c a l  Speed 12 ,700 r p m  
Table V. Instrumentation for 10-Stage Rig Test. 
a 7 5 3  Sensors 
Dynamic Strain Gages - 6 Per Vane Stage - Total 68 
- 4 1 5  Per Blade Stage - Total 44 
a Tot 31 Pressure/Total Temperature 
- 5  Immersions, 2 Per S1 - S6 
- 3 Immersions, 2 Per 37 - S9 
a Cobra Probes - 1 Each Exit R1 - R9 
Touch Probes - 1 Each R3, R5, R10 
a Clearanceometers 
- R3, R5 2 Per 
- R10 3 Per 
Structure Thermocouples Casing Rotor 
-
35 Skin 6 Skin 
4 Air 4 Air 
~asing/~hroud Static Pressures 
- Before and After Each Stage 
Inlet Rakes, Boundary Layer Rakes, ~ x i t  Rakes (20 Totai) 
a Kulites - 16 
Operational Instrumentation - Pressures, Temperatures, 
Accelerometers 
Table VI. Ten-Stage Rig Test Summary. 
a 7 9 : 5 7  Hours of Testing, 3-20-81 Through 4-10-81 
a 46 Stalls (11 at 85% Core Speed or Above) 
Max. Physical Speed 11,600 rpm 
199 Test Data Points 
Tab l e  I!: 1. Hardware F a b r i c a t i o n  Li  s t  . 
~ a j o r  I t ems  Q u a n t i t y  
Ro to r  
B lades  
S t a g e s  1-4 s p o o l  
S t a g e  5 Disk 
S t a g e s  6-10 Spool 
CD? S e l l  Disk  
S t a t o r  
Forward Cas ing  
Rear Cas ing  
I n l e t  Guide Vanes 
S t a t o r  Vanes - V a r i a b l e  
S t a t o r  Vanes - Fixed  
I G V  and S t a t o r  Vane A c t u a t i o n  Rings  
D i f f u s e r  
W i  shbone 
S t a g e s  4 and 5 L i n e r s  
S t a g e s  1-9 Shrouds 
S t a g e s  1-9 S e a l s  





2 + S l a v e  1-6 
2 
3.5 S e t s  
3.5 S e t s  
3.3 S e t s  
2 S e t s  
2 + Spare  C a s t i n g  
2 + S p a r e  Fo rg ing  
3 S e t s  Each S t age  
2 S e t s  Each S t age  
4 S e t s  
f .O AERODYNAMIC DESIGN 
2 .1  INTRODUCTION 
The c o r e  compressor  f o r  t h o  GE/NASA ~3 i s  an advanced t e c h n o l o g y ,  10- 
s t a g e  u n i t  d e s i g n e d  t o  produce  an  o p e r a t i n g  l i n e  t o t a l  p r e s s u r e  r a t i o  of 23 
a t  a  d e s i g n  c o r r e c t e d  t i p  speed of  456 m/sec  (1495 f t / s e c ) .  Because of t h e  
h igh  speed ,  p r e s s u r e  r a t i o ,  and aerodynamic  l o a d i n g ,  i t  i s  one  of  t h e  most 
t e c h n i c a l l y  c h a l l e n g i n g  d e s i g n s  t h a t  G e n e r a l  E l e c t r i c  has  b u i l t .  The b a s i c  
c o n f i g u r a t i o n  was s e l e c t e d  d u r i n g  t h e  GE/NASA AMAC p r e l i m i n a r y  d e s i g n  s t u d y  
( R e f e r e n c e  1 ) .  T h i s  c o n t r a c t  was conducted  i n  1975-1976 t o  i d e n t i f y  an  o p t i -  
mum compressor  c o n f i g u r a t i o n  f o r  u s e  i n  a  low-energy-consumption, s u b s o n i c ,  
commercial  t u r b o f a n .  
I n  t h e  AMAC s t u d y ,  a  p a r a m e t r i c  s c r e e n i n g  s t u d y  was conducted  t o  d e t e r -  
mine t h e  i n f l u e n c e  of t h e  major  compressor  d e s i g n  f e a t u r e s  upon e f f i c i e n c y ,  
w e i g h t ,  c o s t ,  a i r c r a f t  d i r e c t  o p e r a t i n g  c o s t  ( D O C ) ,  and f u e l  u s a g e .  Des ign  
p a r a m e t e r s  examined were:  a s p e c t  r a t i o ,  s o l i d i t y ,  i n l e t  s p e c i f i c  f l o w ,  e x i t  
Mach number, r e a c t i o n  r a t i o ,  i n l e t  r a d i u s  r a t i o ,  e x i t  r a d i u s  r a t i o ,  and 
number of  s t a g e s .  Compressor speed  was s e t  t o  a l l o w  each  c o n f i g u r a t i o n  
s t u d i e d  t o  meet an  o b j e c t i v e  l e v e l  of s t a l l  margin .  The s t u d y  was conducted  
f o r  two e - ~ g i n e  c o n f i g u r a t i o n s :  an  e n g i n e  hav ing  a  c o r e  compressor  t o t a l  
p r e s s u r e  r a t i o  of 1 4  wi th  b o o s t e r  s t a g e s  on t h e  low p r e s s u r e  s p o o l  and a n  
u n b c ~ s t e d  e n g i n e  hav ing  a  c o r e  compressor  t o t a l  p r e s s u r e  r a t i o  of 2 3 .  I t  was 
fovnd t h a t  b e s t  compressor  e f f i c i e n c y  was o b t a i n e d  u s i n g  medium v a l u e s  of  
a v e r a g e  a s p e c t  r a t i o ,  s o l i d i t y ,  and r e a c t i o n  r a t i o  and u s i n g  low v a l u e s  of 
i n l e t  r a d i u s  r a t i o ,  i n l e t  s p e c i f i c  f l o w ,  and e x i t  Mach number. Reducing t h e  
number of s t a g e s  by u s i n g  h i g h e r  speeds  reduced  compressor  l e n g t h  and c o s t  
bu t  d i d  n o t  n e c e s s a r i l y  r e d u c e  e n g i n e  we igh t .  E f f i c i e n c y  was n o t  n e c e s s a r i l y  
g r e a t l y  reduced  by u s i n g  f ewer  s t a g e s ,  p rov ided  t h a t  b l a d i n g  Mach numbers 
d i d  no t  become e x c e s s i v e .  High r e a r  r a d i u s  r a t i o s  were b e n e f i c i a l  when used  
t o  ho ld  t h e  f r o n t  s t a g e ,  r o t o r  t i p  Mach numbers below t h e  l e v e l  a t  which h i g h  
shock l o s s e s  would be p r e s e n t .  The optimum r e a r  r a d i u s  r a t i o  tended  t o  
i n c r e a s e  a s  t h e  number of s t a g e s  was reduced  and t h e  speed was i n c r e a s e d .  
A t  t h e  conc1: ls ion of t h e  AMAC s t u d y ,  a 1 0 - s t a g e ,  2 3 : l  p r e s s u r e  r a t i c  
d e s i g n  was recommended f o r  f u r t h e r  development. T h i s  d e s i g n  i n c o r p o r a t e d  
t h o s e  f e a t u r e s  ment ioned  above a s  c o n t r i b u t i n g  t o  h igh  e f f i c i e n c y .  'The c h o i c e  
of 10 s t a g e s  was made because  t h i s  appea red  t o  o f f e r  t h e  b e s t  o v e r a l l  combi- 
n a t i o n  of d e s i r a b l e  f e a t u r e s :  compac tnes s ,  low c o s t ,  h igh  e f f i c i e n c y ,  low 
e n g i n e  o p e r a t i n g  c o s t ,  and low f u e l  u s a g e .  
The d e c i s i o n  t o  u s e  t h e  v e r y  h igh  (23:1! p r e s s u r e  r a t i o  c o r e  compressor  
i n  an unooos t ed  e n g i n e  c o n f i g u r a t i o n  was made because  t h i s  l a y o u t  gave  t h e  
l owes t  f u e l  consumpt ion ,  r e s u l t  i n g  p r i m a r i l y  from t h e  u s e  of a  h i g h l y  e f f i -  
c i e n t ,  two-s tage ,  p r e s s u r e  t u r b i n e  (HPT) w i t h  r e l a t i v e l y  l i t t l e  p e n a l t y  
i n  d i r e c t  o p e r a t i n g  c o s t .  The t e c h n i c a l  c h a l l e n g e  i n h e r e n t  i n  such  a  h igh  
t o t a l  p r e s s u r e  r a t i o  f o r  t h i s  c o r e  compressor  was no t  o v e r l o o k e d .  I t  is t h e  
h i g h e s t  p r e s s u r e  r a t i o  d e s i g n  G e n e r a l  E l ~ c t r i c  h a s  e v e r  u n d e r t a k e n ;  t h e  p r e s -  
s u r e  r i s e  i s  abou t  30% g r e a t e r  t h a n  t h a t  of any p r o d u c t i o n  a i r c r a f t  e x g i n e  
s i n g l e - s p o o l  compressor .  V a r i a b l e  s t a t o r s  and s t a r t i n g  b l e e d  were both 
employed t o  a i d  i n  a c h i e v i n g  a d e q u a t e  low speed  s t a l l  marg in ;  t h e  c h a l l e n g e  
of  d e v e l o p i n g  s t a t o r  and b l e e d  s c h e d u l e s  t h a t  avo id  p o t e n t i a l  s t a r t i n g  and 
i d l e - t o - t  akeof f  a c c e l e r a t i o n  problems was expec t ed  t o  be s u b s t a n t i a l .  
Another  c h a l l e n g e  was t o  min imize  t h e  e f f i c i e n c y  p e n a l t y  t h a t  m igh t  r e s u l t  
from b l a d e  shapes  compromised f o r  o f f - d e s i g n  o p e r a t i o n .  Of f -des ign  pe r -  
formance a n a l y s e s  were made d c r i n g  t h e  f i n a l  d e s i g n  p r o c e s s  t o  e s t a b l i s h  
d e s i g n  i n c i d e n c e  a n g l e s  and work i n p u t  d i s t r i b u t i o n s  t h a t  p e m i r t e d  b o t h  
h igh  e f f i c i e n c y  n e a r  d e s i g n  speed  and h i g h  s t a l l  margin a t  p a r t  s p e e d .  
Ref inements  t o  t h e  c o r e  compressor  d e s i g n  con t inued  d u r i n g  t h e  ~3 Pre-  
l i m i n a r y  Design S tudy  ( R e f e r e n c e  2 ) .  The more s i g n i f i c a n t  of t h e s e  were  t o  
i n c r e a s e  t h e  i n l e t  s p e c i f i c  f l o w  and e x i t  Mach number somewhat and t o  r e d u c e  
t h e  s p e e d ,  a v e r a g e  a s p e c t  r a t i o ,  and  a v e r a g e  s o l i d i t y .  These  changes were 
made ma in ly  t o  r e d u c e  c o s t  t h rough  u s e  of f ewer ,  l o n g e r  cho rd  a i r f o i l s  and 
t o  i n c r e a s e  b l a d e  e r o s i o n  r e s i s t a n c e  and g e n e r a l  r uggednes s .  An i n c r e a s e  i n  
s t a l l  marg in  p o t e n t i a l  was p r e d i c t e d ,  d e s p i t e  t h e  lower s p e e d ,  w i th  on ly  a  
s m a l l  e f f i c i e n c y  p e n a l t y .  
Many of  t h e  advanced f e a t u r e s  i n c o r p o r a t e d  i n t o  t h e  d e t a i l e d  d e s i g n  of 
t h e  ~3 c o r e  compressor  were  deve loped  d u r i n g  a p a r a l l e l ,  s u p p o r t i n g ,  r e s e a r c h  
program: t h e  NASA-sponsored Core Compressor E x l t  S t a g e  Study (Keferer:ce 3 ) .  
T h i s  program u t i l i z e d  a  low s p e e d ,  f o u r - s t a g e  model of t h e  b l a d i n g  used  i n  t h e  
midd l e  and r e a r  s t a g e s  of t h e  ~3 compres so r  t o  deve lop  i.rnproved a i r f o i l  
shapes  and v e c t o r  d i ag rams .  A b a s e l i n e  s t a g e  and s e v e r a l  mod i f i ed  s t a g e s  
were t e s t e d ,  and wor thwh i l e  improvements i n  b o t h  e f f i c i e n c y  and  s t a l l  marg in  
were demons t r a t ed  by d e s i g n  r e f i n e m e n t s  t h a t  1. .., -oved t h e  f low i n  t h e  end- 
w a l l  r e g i o n s .  
The c u r r e n t  NASAiGE ~ 3  program i n v o l v i n g  t h e  d e t a i l e d  d e s i g n  and d e v e l -  
opment of  t h e  c o r e  compressor  c u l m i n a t e s  i n  o p e r a t i o n  i n  a  t u r b o f a n  eng ine .  
T h i s  r e p o r t  documents  t h e  o r i g i n a l  aerodynamic  d e s i g n  t h a t  was e v a l u a t e d  i n  
a  f u l l - s c a l e  component t e s t  program. I t  a l s o  g i v e s  a  b r i e f  summary o f  t h e  
e x p e r i m e n t a l  r e s u l t s  and d e s c r i b e s  t h e  f i n a l  d e s i g n  t h a t  evo lved  from t h i s  
development  e f f o r t .  The f i n a l  d e s i g n  w i l l  be u t i l i z e d  i n  t h e  c o r e  e n g i n e  and 
t u r b o f a n  e n g i n e  tes t  c o n f i g u r a t i o n s .  
2 . 2  SELECTION OF OVERALL CONFIGURATION 
A summary of aerodynamic d e s i g n  pa rame te r s  f o r  t h e  f i n a l  ~ 3  c o r e  com- 
p r e s s o r  c o n f i g u r a t i o n  i s  g i v e n  i n  T a b l e  VIII.  A l s o  l i s t e d  a r e  cor respor ld ing  
d a t a  f o r  t h e  o r i g i n a l  AMAC 10 - s t age  compressor  t o  i l l u s t r a t e  t h e  e v o l u t i o n  of 
t h e  d e s i g n  a s  d e s c r i b e d  i n  t h e  p r e v l c u s  s e c t i o n .  
Core compressor  aerodynamic  d e s i g n  r e q u i r e m e n t s  were  e s t a b l i s h e d  p r i -  
m a r i l y  f o r  t h e  maximum-c l i m b - t h r u s t  e n g i n e  power s e t t i n g  a t  a  f l i g h t  c o n d i t i o n  
of Mach 0 . 8  a t  1 0 . 6 7  km (35 ,000  f t )  a l t i t u d e  on a  -8' C (+la0 F)  d a y .  T h i s  
o p e r a t i n g  c o n d i t i o n  p l a c e s  t h e  c o r e  compressor  a t  maximum c o r r e c t e d  s p e e d ,  
c o r r e c t e d  a i r f l o w ,  and t o t a l  p r e s s u r e  r a t i o  and was t h e r e f o r e  d e f i n e d  a s  100% 
d e s i g n  c o r r e c t e d  s p e e d .  Compressor e f f i c i e n c y  r e q u i r e m e n t s ,  however ,  were 
most impor t an t  a t  a l t i t u d e  c r u i s e .  Per formance  r e q u i r e m e n t s  f o r  t h e s e  ope r -  
a t i n g  c o n d i t i o n s  a s  w e l l  a s  r e q u i r e m e n t s  f o r  s e a  l e v e l  t a k e o f f  a r e  l i s t e d  i n  
Tab l e  I X .  The o p e r a t i n g  l i n e  p r e s s u r e  r a t i o s  l i s t e d  a r e  f o r  z e r o  cus tomer  
b l e e d  a i r  and z e r o  power e x t r a c t i o n ,  and t h e  e f f i c i e n c y  l e v e l s  a r e  t h o s e  
r e q u i r e d  f o r  t h e  f u l l y  d e v e l o p e d ,  p roduct  l e v e l  e n g i n e .  A t  t h e  end of  t h e  
c u r r e n t l y  c o n t r a c t e d  development  program, i t  is d e s i r e d  t o  be w i t h i n  one pe r -  
c e n t  age p o i n t  a f  t h e s e  u l t  imate  g o a l s .  
Of?lClNAL PAGE IS 
OF POOR QUALITY 
Tab le  V I I I .  Aerodynamic Design Comparison of F i n a l  ~3 and 
Recommended AMAC Compressors .  
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Parame te r  
C o r r e c t e d  Speed ,  % Design 
C o r r e c t e d  A i r f l o w ,  kg / sec  
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54 .4  
(120 .0 )  
23.0 
0.857 
0 .903  
304 .& 
(547 .9 )  
59 ,641 .8  
( 8 . 6 5 )  
Nax. C r u i s e  
99 .5  
53 .5  
(118 .0 )  
22.4 
0 .861  
0 .905  
301.4 
( 5 4 2 . 5 )  
58 ,055 .9  
(8 .42 )  
Takeoff  
97 .7  
4 9 . 3  
(108 .7 )  
20. 1  
0 .865  
0 .908  
327.8 
(590 .1 )  
150 ,58b.8  
( 2 1 . 8 4 )  
The d e s i g n  speed  s t a l l  marg in  p o t e n t i a l  ( 252 )  was s e l e c t e d  t o  be somewhat 
h i g h e r  t h a n  e x p e r i e n c e  (on  c u r r e n t  commercial  e n g i n e s )  has i n d i c a t e d  is 
r e q u i r e d .  I t  was t hough t  t h a t ,  by d e s i g n i n g  a c o n f i g ~ r a t  ioq  c a p a b l e  of gene r -  
ous  s t a l l  marg in  a t  d e s i g n  s p e e d ,  t h e  p r o s p e c t s  f o r  a c h i e v i n g  s u f f i c i e n t  s t a r t -  
r e g i o n  s t a l l  marg in  would be improved.  Design speed  s t a l l  margin was e s t l -  
mated u s i n g  c o r r e l a t i o n s  of G e n e r a l  E l e c t r i c  compressor  t e s t  d a t a  t h a t  a ccoun t  
f o r  t h e  e f f e c t s  o f  b l a d e  s p e e d ,  s o l i d i t y ,  a s p e c t  r a t i o ,  c l e a r a n c e ,  r e a c t i o n ,  
and f low- through Mach numbers on a c h i e v a b l e  s t a l l  p r e s s u r e  r i s e .  
The aerodynamic d e s i g n  c a l c u l a t i o n s  were conduc t ed  a t  100% c o r r e c t e d  
speed  (456 .0  m/sec b l a d e  speed  a t  t h e  f i r s t  r o t o r ' s  i n l e t  t i p  r a d i u s )  and 
100% c o r r e c t e d  a i r f l o w  (54.4 k g / s e c )  a t  a  t o t a l  p r e s s u r e  r a t i o  of  25  and a t  
a n  a d i a b a t i c  e f f i c i e n c y  o f  0.847. S e l a c t i n g  a  d e s i g n  p r e s s u r e  r a t i o  approx-  
i m a t e l y  9 %  above t h e  o p e r a t i n g  l i n e  was done t o  h e l p  a s s u r e  t h a t  h i g h  stall 
margin a t  d e s i g n  speed  would be  o b t a i n e d .  The d e s i g n  e f f i c i e n c y  i s  t h e  
o b j e c t i v e  l e v e l  f o r  t h e  ICLS d e m o n s t r a t o r  e n g i n e  t e s t s  and  i s  1 p o i n t  l ower  
t h a n  t h e  FPS g o a l  l i s t e d  i n  T a b l e s  V I I I  and I X .  
The f l owpa th  of t h e  ~3 c o r e  compressor  i s  shown I n  t h e  c r o s s  s e c t i o n  
o f  t h e  f : na l  d e s i g n ,  F i g u r e  9 .  The hub - to - t i p  r a d i u s  r a t i o  a t  t h e  i n l e t  of 
t h e  f i r s t  r o t o r  is  0 . 5 0 3 ,  abou t  t h e  minimum pos i b l e  v a l u e  c o n s i d e r i n g  t h e  
need t o  p a s s  t h e  low p r e s s u r e  s p o o l  s h a f t  t h rough  t h e  c e n t e r  of t n e  compres- 
s o r .  Trade-of f  s t u d i e s  conducted  d u r i n g  t h e  AMAC p r e l i m i n a r y  d e s r g n  c o n t r a c t  
showed t h a t  a  " e d u c t i o n  i n  i n l e t  r a d i u s  r a t i o  ( w i t h  r e a r  s t a g e  f l owpa th  geome- 
try f i x e d )  r e q u i r e d  a  s l i g h t  i n c r e a s e  i n  KPM f o r  a  g i v e n  s t a l l  marg in ;  how- 
e v e r ,  t h i s  s t i l l  p roduced  lower f r o n t  s t a g e  t i p  speed and  i n l e t  Mach number 
and r e s u l t e d  i n  a h i g h e r  e f f i c i e n c y .  The r a d i u s  r a t i o  a t  t h e  e x i t  of t h e  '.set 
r o t o r  is 0 . 9 3 1 .  Although t h i s  i s  h i g h e r  t h a n  i t  i s  i n  c u r r e n t  p r o d u c t i o n  
d e s i g n s ,  t h e  t r a d e - o f f  s t u d i e s  a g a i n  i n d i c a t e d  t h a t  t h i s  was a  f a v o r a b l e  corn- 
promise .  The e f f i c i e n c y  p e n a l t i e s  i n c u r r e d  by i n c r e a s i n g  r e a r  s  r a g e  r a d i u s  
r a t i o  ( t h u s  i n c r e a s i n g  t h e  c l e a r a n c e :  b l ade -he igh  t  r a t  io and end-wal l  l o s s e s )  
were outweighed by r e d u c t i o n s  i n  rpm t h a t  t h i s  made p o s s i b l e  ( t h u s  r e d u c i n g  
f r o n t  s t a g e  t i p  speed and shock  l o s s e s ) .  The f i n a l  f l o w p a t h  h a s  n e a r l y  con- 
s t a n t  p i t c h - l i n e  r a d i i  t h r o u g h  t h e  f i r s t  six s t a g e s  and c o n s t a n t  h u b  r a d i i  
from S t a g e s  7 t h rough  10.  A c a s i n g  p o r t  f o r  cus tomer  b l e e d  and t u r b i n e  coo l -  
i n g  a i r  i s  l o c a t e d  a t  S t a g e  5 e x i t ,  and a n o t h e r  c a s i n g  p o r t  f o r  s t a r t i n g  b l eed  
Fi rure 9 .  E~ Core Compressor. 
and t u r b ~ r e  c o o l i n g  a i r  i s  l o c a t e d  a t  S tdge  7 e x i t .  The i n l e t  g u l d e  vane  2nd 
l i r s t  f o u r  s t a t o r  vane rows a r e  v a r i a b l e .  
S t agewise  d i s t r i b u t i o n s  of  r o t o r  and . t a t o r  a s p e c t  r a t l o  and p i t c h - l i n e  
s o l i d i t y  a r e  shown i n  F i g u r e s  10  and 11 .  Rotor  a s p e c t  r a t i o s  were s e l e c t e d  
t o  be low enough i n  t h e  f r o n t  s t a g e s  t o  a v o i d  u s e  of  pa r t - span  sh rouds  b u t  
h igh  enough t o  keep  t h e  d e s i g n  a s  compact a s  p o s s i b l e .  Medium f r o n t  s t a t o r  
a s p e c t  r a t i o s  were a l s o  u sed  f o r  compactness .  Rear  s t a q e  r o t o r  and s t a t o r  
a s p e c t  r a t i o s  were made f a i r l y  low f o r  improved s t a l l  margin  and ruggedness .  
S o l i d i t i e s  were chosen  p r i m a r i l y  t o  c o n t r o l  aerodynamic l o a d i n g s ,  a l t h o u g h  
f r o n t  r o t o r  t i p  s o l i d i t i e s  were a l s o  i n f l u e n c e d  by c o n s i d e r a t i o n s  of pas sage  
a r e a  d i s t r i b u t i o n  and shock  s t r u c t u r e .  An e f f o r t  was a l s o  made t o  keep s o l i d -  
i c i e s  a s  low a s  p o s s i b l e  i n  t h e  f r o n t  v a r i a b l e  s t a t o r s  i n  o r d e r  t o  a s s n r e  t h a t  
t h e y  c o u l d  be c l o s e d  s u f f i c i e n t l y  f o r  good low speed  s t a l l  margin .  P i t c h - l i n e  
s o l i d i t i e s  i n  S t a t o r s  8 and 9 a r e  lower t h a n  i n  t h e  o t h e r  r e a r  s t a t o r s  b e c a u s e  
a  h i g h l y  nonuniform r a d i a l  chord  d i s t r i b u t i o n  i s  used  t o  c o n t r o l  vane n a t u r a l  
f r e q u e n c i e s .  End-wall s o l i d i t i - e s  i n  t h e s e  vanes  a r e  comparable t o  t h o s e  i n  
t h e  o t h e r  r e a r  s t a t o r s ,  however. 
The p i t c h - l i n e  m e r i d i o n a l  .Mach number d i s t r i b u t i o n  th rough  t h e  compressor  
i s  shown i n  F i g u r e  12 f o r  t h e  25: 1 d e s i g n  . o t a l  p r e s s u r e  r a t i o  c o n d i t i o n .  The 
f i r s t  r o t o r  i n l e t  Mach number of 0 .602  r e s u l t e d  f rom s e l e c t i n g  a  s p e c i f i c  f low 
of 38 lbm/sec - f t2  wi th  an e f f e c t i v e  a r e a  c o e f f i c i e 2 t  (b lockage  f a c t o r )  of  
0 .97 .  The d e s i g n  p o i n t  e x i t  Mach number of 0 . 2 8  ( a t  an e x i t  b lockage  f a c t o r  
o f  0 . 9 0 )  becomes 0 . 3 0  a t  t h e  2 3 : l  t o t a l  p r e s s u r e  r a t i o  o p e r a t i n g  l i n e .  The 
d e s i g n  c a l c u l a t i o n s  were performed f o r  z e r o  S t a t o r  5 e x i t  cusLomer b l e c  a t  
t h e  more t y p i c a l  c r u i s e  o p e r a t i n g  c o n d i t i o n  when 2 t o  4% b l e e d  i s  e x t r a c t e d ,  
t h e  a x i a l  Mach number d i s t r i b u t i o n  i n  t h i s  r e g i o n  is s l i g h t l y  d i f f e r e n t  b u t  
is s t i l l  smooth and c o n t i n u o u s .  
S t age  r e a c t i o n  r a t i o s ,  b lade row i n l e t  Mach numbers, and aerodynamic 
l o a d i n g  l e v e l s  were c o n t r o l l e d  by s p e c i f y i n g  r a d i a l  and s t a g e w i s e  d i s t r i b u -  
t i o n s  of s t a t o r  e x i t  a b s o l u t e  swir l  a n g l e s .  S t agewise  d i s t r i b u t i o n s  of t i p ,  
p i t c h  l i n e ,  and hub swirl a n g l e s  are shown i n  F i g u r e  13 .  The s w i r l  i n c r e a s e s  
through t h e  f i r s t  s e v e r a l  s t a g e s  i n  o r d e r  t o  ho ld  down t h e  l e v e l  of r o t o r  
i n l e t  r e l a t i v e  Mach numbers, t h e n  d r o p s  t o  a  lower l e v e l  i n  t h e  r e a r  s t a g e s  
t o  h o l d  down t h e  d i f f u s i o n  f a c t o r s  i n  t h e s e  h i g h l y  loaded  s t a g e s .  T h e  o u t l e t  
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g u i d e  vane ( S t a t o r  1 0 )  must remove t h e  remain ing  s w i r l  f r om t h e  a i r f l o w ;  i t  
is t h u s  a  v e r y  h i g h l y  loaded  a i r f o i l  and h a s  been  g i v e n  a  h i g h  s o l i d i t y  ( F i g -  
u r e  1 1 )  i n  o r d e r  t o  c o n t r o l  i t s  d i f f u s i o n  f a c t o r s .  The h i g h l y  nonuniform 
r a d i a l  d i s t r i b u t i o n  of swirl a t  each  s t a t o r  e x i t  was s e l e c t e d  based on f avo r -  
a b l e  per formance  r e s u l t s  i n  t h e  s u p p o r t i n g  Low Speed Xesearch  Compressor pro-  
gram ( R e f i r e n c e s  3 and 4 ) .  An ave rage  p i t c h - l i n e  r e a c t i o n  r a t i o  of  0.668 
r e s u l t s  from u s e  of t h e s e  s w i r l  a n g l e s .  
The s t a g e w i s e  d i s t r i b u t i o n  of t o t a l  t e m p e r a t u r e  r i s e  i n  each s t a g e  at t h e  
25 : l  p r e s s u r e  r a t i o  d e s i g n  p o i n t  i s  shown i n  F i g u r e  1 4 .  The reduced  work 
i n p u t s  f o r  S t a g e s  6 and 7 a r e  s i g n i f i c a n t .  These  a r e  t h e  f i r s t  two s t a g e s  no t  
c o n t r o l l e d  by ups t r eam v a r i a b ! ~  s t a t o r s ;  and a n a l y s i s  of o f f - d e s i g n  o p e r a t i n g  
c h a r a c t e r i s t i c s  showed t h a t  a t  p a r t  speed t h e s e  s t a g e s  became v e r y  h e a v i l y  
loaded  a t  n e a r - s t a l l  o p e r a t i n g  l i n e s .  To e q u a l i z e  p a r t - s p e e d ,  n e a r - s t a l l  l o a d -  
i ngs  among t h e  f i v e  f i x e d  geometry r e a r  s t a g e s  t h u s  o b t a i n i n g  t h e  h i g h e s t  
p o s s i b l e  pa r t - speed  s t a l l  margin ,  i t  was n e c e s s a r y  t o  s p e c i f y  t h e  r a t h e r  non- 
uni form d e s i g n  p o i n t  work i n p u t  d i s t r i b u t i o n  shown i n  F i g u r e  1 5 .  Near s t a l l  
a t  d e s i g n  s p e e d ,  S t a g e s  8 th rough  1 0  a r e  t h e  most h i g h l y  l o a d e d  i n  t h e  corn-- 
p r e s s o r .  A t  i n t e r m e d i a t e  speeds ,  S t a g e s  6 and 7 become h i g h l y  loaded  a s  ~ ~ 1 1 ;  
and a t  low s p e e d s ,  S t a g e s  8 th rough  10 t e n d  t o  un load  w h i l e  S t a g e s  6 and 
r sma in  v e r y  h i g h l y  l oaded .  Ext rzc t ior :  of cus tomer  b leed  a i r  a t  S t a g e  5 e x i t  
a t  h igh  speeds  t e n d s  t o  r educe  t h e  l o a a i n g s  i n  S t a g e s  1 through 5 and g i v e s  a  
somewhat more un i fo rm work i n p u t  d i s t r i b u t i o n .  Although u s e  of t h i s  work 
i n p u t  d i s t r i b u t i o n  may r educe  d e s i g n  speed  s t a l l  margin  somewhat, o f f -des  ign 
per formance  e s t i m a t e s  i n d i c a t e d  t h a t  t h e  h igh  speed  s t a l l  margin  g o a l s  cou ld  
s t i l l  be a c h i e v e d  w h i l e  t h e  l o w  speed s t a l l  marg in  w a s  improved. 
2 . 3  ORIGINAL AERODYNAMIC DESIGN 
2 . 3 . 1  Flowpath and Vector  Diagram Design 
The b a s i c  aerodynamic d e s i g n  t o o l  employed was t h e  G e n e r a l  E l e c t r i c  C i r -  
c u m f e r e n t i a l  Average Flow De te rmina t ion  (CAFD) computer  program. T h i s  program 
computed v e c t o r  d iagram and f l u i d  p r o p e r t  i e s  a long  numerous s t r e a m  s u r f a c e s  
f o r  a  s p e c i f i e d  f l owpa th  geometry ,  s t a g e  work i n p u t  d i s t r i b u t i o n ,  and e s t i -  
mated l o s s  l e v e l s .  The r e s u l t i n g  two-d iaens iona l ,  s t e a d y - s t a t e ,  c i r cumfe ren -  
t i a l  a v e r a g e  f low s o l u t i o n  i n c l u d e d  a1 1  e f f e c t s  of t h e  f u l l  r a d i a l  e q u i l i b r i u m  
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e q u a t i o n  and i n c l u d e d  i n t e r n a l  b l a d e  row c a l c u l a t i o n s  f o r  some s t a g e s .  Vec to r  
d i ag rams  de t e rmined  >y CAFD a l o n g  b l a d e  and vane l e a d i n g  and t r a i l i n g  edges  
were t h e n  u sed  w i t h  a i ~ f o L 1  s e c t i o n  d e s i g n  p r o c e d u r e s  and c a s c a d e  a n a l y s i s  
computer  programs t o  de t e rmine  t h e  f i n a l  b l ade  shapes .  T h i s  s e c t i o n  of t h e  
r e p o r t  documents  t h e  r e q u i r e d  CAFD i n p u t s  and d i s c u s s e s  t h e  CAFD v e c t o r  d i a -  
gram s e l e c t  i on .  
The re  were t h r e e  m a j o r  a r e a s  of i n f o r m a t i o n  n e c e s s a r y  t o  c o m p l e t e l y  
s p e c i f y  t h e  d e s i g n  p o i n t  v e c t o r  d i ag rams :  ( 1 )  t h e  o v e r a l l  compressor  d e s i g n  
o p e r a t i n g  p o i n t  i n  t e rms  of i n l e t  c o n d i t i o n s ,  c o r r e c t e d  s p e e d ,  and f l o w ;  ( 2 )  
t h e  geometry o f  t h e  f l o w p a t h ,  b l a d e s ,  and v a n e s ;  and ( 3 )  t h e  r a d i a l  and s t a g e -  
w i se  d i s t r i b u t i o n s  of s t a t o r  e x i t  s w i r l ,  r o t o r  e x i t  t o t a l  p r e s s u r e ,  and b l a d e  
and  vane l o s s  c o e f f i c i e n t s .  As d e s c r i b e d  p r e v i o u s l y ,  t h e  c o r e  compressor  
d e s i g n  p o i n t  was chosen  t o  be t h e  a l t i t u d e  maximum-climb-thrust e n g i n e  power 
s e t t i n g  i n  t e rms  of i n l e t  c o r r e c t e d  a i r f l o w  and c o r r e c t e d  t i p  speed .  The 
d e s i g n  p o i n t  p r e s s u r e  r a t i o ,  however ,  was s e t  a t  2 5 : l  r a t h e r  t h a n  t h e  maximum 
c l imb  r equ i r emen t  of  2 3 : l .  The d e s i g n  p o i n t  e f f i c i e n c y  of 0.847 was s e l e c t e d  
t o  be t h e  same a s  t h e  t a r g e t  a d i a b a t i c  e f f i c i e n c y  of  t h e  t e s t  e n g i n e s  a t  t h e  
2 3 : l  p r e s s u r e  r a t i o  o p e r a t i n g  l i n e .  
The f l owpa th  employed i n  t h e  c a l c u l a t i o n s  i n c l u d e d  t h e  f a d c o r e  t r a n s i -  
t i o n  d u c t ,  t h e  i n l e t  g u i d e  vane ,  a l l  1 0  compres so r  s t a g e s ,  and t h e  e x i t  d i f -  
f u s e r .  F i g u r e  1 5  i s  a c r o s s  s e c t i o n  of t h e  CAFD f lowpa th  showing t h e  computa- 
t i o n  s t a t  i o n s  and s t r e a m l i n e s .  S t a t  i o n  l o c a t i o n s  were s e l e c t e d  t o  c o i n c i d e  
w i t h  b l a d e  edges .  The f r o n t  f o u r  s t a g e s  a l s o  had i n t e r n a l  b l a d e  row s t a t i o n s ,  
because  t h e s e  f r o n t  r o t o r  b l ade  rows had e i t h e r  s u p e r s o n i c  or h igh  s u b s o n i c  
i n l e t  Mach numbers r e q u i r i n g  p a r t i c u l a r  a t t e n t i o n  i n  t h e  s e l e c t i o n  of  t h e i r  
pa s sage  a r e a  d i s t r i b u t i o n s .  A d d i t i o n a l  s t a t i o n s  were  l o c a t e d  t h r o u g h  t h e  
i n l e t  t r a n s i t i o n  duc t  and t h e  e x i t  d i f f u s e r  t o  r e f i n e  t h e  c a l c u l a t i o n  g r i d ,  
t h u s  a s s u r i n g  a n  a d e q u a t e  f low f i e l d  r e p r e s e n t a t i o n .  I n c l u d e d  i n  t h e  f l owpa th  
d e f i n i t i o n  were p r o v i s i o n s  f o r  e x t r a c t i n g  b l e e d  a i r  f rom t h e  s t a t o r  c a s i n g  a f t  
o f  S t a t o r s  5 and 7 .  Bleed p o r t s  r e q u i r e d  i n c r e a s e s  i n  t h e  a x i a l  s p a c i n g s  a f t  
of t h e s e  two s t a t o r s  and a l t e r a t i o n s  i n  t h e  f l owpn th  downstream of  t h e  b l eed  
p o r t s  t o  accommodate t h e  reduced  t h rough- f low .  The maximum a l l c g a b l e  f low 
r a t e  f o r  t h e  S t a g e  5  b l e e d  was 10 .3% of  th rough-f low ( 9 %  maximum cus tomer  
b l e e d  p l u s  1 .3% f o r  low p r e s s u r e  t u r b i n e  u s e ) .  The S t a g e  7 b l e e d  was s i z e d  
t o  hand le  up t o  2 2 . 3 %  of  d e s i g n  f l o v  (20% mc~ximurn s t a r t i n g  b l e e d  p l u s  2.3% 
f o r  t h e  HPT S tage  2 n o z z l e  c o o l i n g  s y s t e m ) .  For  t h e  d e s i g n  v e c t o r  d i ag rams ,  
t h e  b l eed  f low r a t e s  employed were 1 .3% f i f t h - s t a g e  b l eed  and 2 .3% seven th -  
s t a g e  b l e e d ,  r e p r e s e n t i n g  nominal  c o o l i n g  f l ow r e q u i r e m e n t s  o n l y .  
S t anda rd  G e n e r a l  E l e c t r i c  cornp7essor d e s i g n  p r a c t i c e  h a s  been t o  s p e c i f y  
compressor  hub f lowpa th  shapes  s o  a s  t o  avo id  forward  f a c i n g  s t e p s  due t o  
t o l e r a n c e  s t a c k u p s  a t  d e s i g n  o p e r a t i n g  c o n d i t i o n s .  The impac t  o f  t h i s  p r ac -  
t i c e  was t h a t  t h e  a c t u a l  hub f lowpa th  a t  t h e  a e r o  des ign  p o i n t  was not smooth 
a x i a l l y .  S t a t o r  sh rouds  were t i l t e d  r a d i a l l y  inward s l i g h t l y  a t  t h e  l e a d i n g  
edge and r a d i a l l y  outward  a t  t h e  t r a i l i n g  edge f o r  S t a g e s  1 th rough  6 .  Rotor  
p l a t f o r m s  were t i l t e d  s i m i l a r l y  f o r  S t a g e s  7 t h rough  10 .  The magni tude  of 
t h e  t i l t  was 2" t o  3' from a n  o t h e r v i s e  smooth c o n t o u r .  The hub f l o w p a t h  
ana lyzed  by CAFD and shown i n  F i g u r e  15  i s  a  smoothed-out ,  aerodynamic r e p r e -  
s e n t a t  i o n  of t h e  a c t u a l  ha rdware ,  
The CAFD v e c t o r  d iagrams f o r  t h e  compressor  a r e  summarized i n  t h e  Appen- 
d i x  (Tab le  X X I )  a l o n g  w i t h  an o v e r a l l  d e s c r i p t i o n  of t h e  a i r f o i l s  s e l e c t e d  f o r  
each  s t a g e .  Each page of Tab le  X X I  i s  devoted  t o  a s i n g l e  b l a d e  row s t a r t i n g  
wi th  t h e  IGV. Four rows of i n f o r m a t i o n  a r e  i n c l u d e d  on each  page f o r  each  
b l a d e  row. The f i r s t  two rows d e s c r i b e  t h e  i n l e t  and e x i t  s t a t  ion v e c t o r  d i a -  
g-ams and f l u i d  p r o p e r t i e s  a l o n g  12 s t r e a m l i n e s .  The s t a t i o n s  d e f i n e d  by t h e  
" r a d i u s "  and "2" columns l i e  a l o n g  t h e  b l a d e  edges  at bo th  i n l e t  and e x i t .  
The hub c o o r d i n a t e s  a r e  f o r  t h e  smoothed-out aerodynamic r e p r e s e n t a t i o n  of 
t h e  a c t u a l  hardware .  The t h i r d  row, l a b e l e d  "SL Da ta , "  c o n t a i n s  s t r e a m l i n e  
d a t a  r e l a t i v e  t o  l o a d i n g ,  l o s s e s ,  e f f i c i e n c y  and b l a d e  s e t t i n g  a n g l e s .  The 
bot tom row, l a b e l e d  "Plane  S e c t i o n s , "  p r o v i d e s  a  d e s c r i p t i o n  of t h e  a i r f o i l  
geometry on f l a t  p l a n e  manufac tu r ing  s e c t  i o n s .  These s e c t  i o n s  a r e  g e n e r a l l y  
l o c a t e d  a t  t h e  ave rage  r a d i u s  of  a  c a l c u l a t e d  s t r e a m l i n e ,  and t h u s  p a r t  of 
t h e  f i r s t  and l a s t  s e c t i o n s  may be o u t s i d e  t h e  f l owpa th .  
The ave rage  t o t a l  p r e s s u r e  and t o t a l  t e m p e r a t u r e  a t  t h e  i n l e t  of t h e  c o r e  
compressor  i n l e t  g u i d e  vane were  s e t  a t  s tandard-day ,  s e a  l e v e l  s t a t i c  condi -  
t i o n s .  Radia l  p r o f i l e s  of  bo th  p r e s s u r e  and t e m p e r a t u r e  were s p e c i f i e d  t o  
s i m u l a t e  t y p i c a l  c o r e  i n l e t  d i s t r i b u t i o n s  a s  expe r i enced  on s i m i l a r  t u r b o f a n  
e n g i n e s .  These p r o f i l e s ,  p l u s  t h e  s t r e a m l i n e  s l o p e  and c u r v a t u r e  d i s t r i b u t i o n s  
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r e s u l t i n g  from model ing  t h e  t r a n s i t  i o n  d u c t  f l o w p a t h ,  p rov ided  a r e a l i s t i c  
d e s c r i p t i o n  o f  t h e  f low f i e l d  e n t e r i n g  t h e  f r o n t  s t a g e  o f  t h e  c o r e  compressor .  
Rotor  ene rgy  i n p u t  r e q u i r e m e n t s  were e s t a b l i s h e d  by s p e c i f y i n g  r a d i a l  
d i s t r i b u t i o n s  o f  r o t o r  e x i t  t o t a l  p r e s s u r e  and l o s s  c o e f f i c i e n t .  The r o t o r  
e x i t  t o t a l  p r e s s u r e  p r o f i l e  used  f o r  a l l  10  r o t o r s  was a  l i n e a r  d i s t r i b u t i o n  
w i t h  t h e  h i g h e s t  v a l u e s  b e i n g  a t  t h e  hub .  T h i s  s l i g h t l y  hub - s t rong  p r o f i l e  was 
e s t a b l i s h e d  t o  produce  good b a l a n c e  between hub and t i p  aerodynamic l o a d i n g s  and 
t o  h e l p  p reven t  p rema tu re  hub f l o w  breakdown when t h e  compressor  was t h r o t r l e d  
t o  e l e v a t e d  o p e r a t i n g  Lines .  
Average s t a t o r  e x i t  s w i r l  a n g l e s  f o r  each  s t a g e  were e s t a b l i s h e d  d u r i n g  
t h e  o v e r a l l  c o n f i g u r a t i o n  s t u d i e s  d e s c r i b e d  i n  S e c t i o n  2 . 2 .  The r a d i a l  d i s -  
t r i b u t i o n s ,  however,  were an ou tg rowth  o f  t h e  NASA-sponsored Core Compressor 
E x i t  S t a g e  S tudy  ( ~ e f e r e n c e s  3 and 4 ) .  The swirl d i s t r i b u t i o n  s e l e c t e d  f o r  
S t a t o r  6 o f  t h e  E~ d e s i g n  is  shcwn i n  F i g u r e  16 and i s  t y p i c a l ,  i n  s h a p e ,  
of  t h e  r a d i a l  d i s t r i b u t i o n s  o f  S t a t o r s  3 t h rough  10 .  High end-wal l  s w i r l  was 
t h e  un ique  f e a t u r e  o f  t h i s  d e s i g n  d i s t r i b u t i o c .  As s een  i n  F i g u r e  1 6 ,  t h e  
c a s i n g  and hub s w i r l  a n g l e s  a r e  12 .5"  and 10.4" h i g h e r ,  r e s p e c t i v e l y ,  t h a n  t h e  
p i t c h  s w i r l  a n g l e .  A 0 . 4  p o i n t  improvement i n  o p e r a t i n g  l i n e  p o l y t r o p i c  
e f f i c i e n c y  p l u s  an improved n e a r  s t a l l  pumping c h a r a c t e r i s t i c  were observed  i n  
t h e  Core Compressor E x i t  S t a g e  S tudy  t e s t s  which employed a  s i m i l a r  swirl 
d i s t r i b u t i o n  ( S t a t o r  B). S t a t o r s  1  and 2 a l s o  had c a s i n g  end-wall  s w i r l  g rad-  
i e n t s  s i m i l a r  t o  t h o s e  o f  S t a t o r s  3 t h rough  10  t o  h e l p  r educe  t h e  t i p  r e l a t i v e  
Mach number i n t o  t h e  f o l l o w i n g  r o t o r s .  The s t a t o r  hub swirl g r a d i e n t ,  however,  
was a l lowed t o  b u i l d  up th rough  S t a g e s  1  and 2 .  
The r a d i a l  d i s t r i b u t i o n  o f  l o s s  c o e f f i c i e n t  employed f o r  each b l a d e  row 
is  i n c l u d e d  i n  t h e  Appendix ( T a b l e  X X I )  o f  t h e  "SL Data" row under  t h e  head ing  
"Loss." These l o s s  c o e f f i c i e n t s  were based  on p a s t  e x p e r i e n c e  w i th  h i g h l y  
loaded  m u l t i s t a g e  c o m p r e s s o r s ,  w i th  a p p r o p r i a t e  a d j u s t m e n t s  f o r  the  p a r t i c u l a r  
f l ow  environment  o f  t h e  E ~ ,  Thi s  e s t i m a t i o n  of a n t i c i p a t e d  l o s s  c o e f f i -  
c i e n t s  f o r  t h i s  new d e s i g n  was c a r r i e d  out  a c c o r d i n g  t o  t h e  p r o c e d u r e s  ou t -  
l i n e d  i n  Reference  5 .  b l a d e  p r o f i l e  l o s s e s ,  shock  l o s s e s ,  and end-wall  
l o s s e s  were modeled a s  Eunc t ions  o f  aerodynamic Loading,  Mach number, Reynolds 
Figure 16. Radi.11 Distribution of Stator C E x i t  Swirl. 
n u d e r ,  and a i r f o i l  g e o m e t r y .  L o s s e s  p r e d i c t e d  by t h a t  c o r r e l a t i o n  w e r e  
a d j u s t e d  t o  r e f l e c t  r e c e n t  advancements  i n  r e d u c i n g  e n d - w a l l  l o s s e s  th~,- :gh 
s p e c i a l l y  d e s i g n z d  a i r f o i l  s e c t i o n s .  R a d i a l  d i s t r i b u t i o n s  o f  l o s s  c o e f f i -  
c i e n t  t h a t  r e s u l t e d  f rom t h i s  p r o c e d u r e  had n o t i c e a b l y  h i g h e r  l o s s e s  a~ t h e  
c a s i n g  and  h u b  t h a n  a t  t h e  p i t c h  l i n e .  The s t a g e w i s e  d i s t r i b u t i o n  of p i t c h -  
l i n e  l o s s  c o e f f i c i e n t  i s  shown i n  F i g u r e  1 7  f o r  b o t h  r o t o r s  and s t a t o r s .  
T h e s e  a x i a l  d i s t r i b u t i o n s ,  i n  g e n e r a l ,  r e f l e c t  t h e  f a c t  t h a t  t h e  b l a d e  a z a  
vane  i n l e t  Mach numbers a r e  h i g h e s t  i n  t h e  f r o n t  s t a g e s ,  r e s u l t i n g  i n  h i g h e r  
l o s s e s .  A f t  of S t a g e  6 ,  b o t h  r o t o r  a n d  s t a t o r  p i t c h - l i n e  l o s s  c o e f f i c i e n t s  
i n c r e a s e  d u e  t o  t h e  h i g h e r  ae rodynamic  l o a d i n g  and  t h e  i n c r e a s i n g  i n f l u e n c e  
o f  end-wal l  boundary  l a y e r s .  
An a d d i t i o n a l  t e r m  r e q u i r e d  t o  c o m p l e t e  t h e  CATD i n p u t  s e l e c t  i o n  was t h e  
e f f e c t i v e  a r e a  c o e f  f i c i e n t  , o r  b l o c k a g e .  P a s t  e x p e r i e n c e  i n  m o d e l i n g  t e s t  
d a t a  f rom h i g h l y  l o a d e d  m u l t i s t a g e  c o m p r e s s o r s  w i t h  CAFD s u g g e s t e d  t h a t  b l o c k -  
a g e s  o f  0 . 9 7  and 0 .90  a t  t h e  i n l e t  and e x i t ,  r e s p e c t i v e l y  , were c o n s i s t e n t  
w i t h  t h e  m o d e l i n g  p h i l o s o p h y  u s e d  i n  t h e  d e s i g n  of  t h e  ~ 3 .  The d i s ~ r i h u t i o n  
of  b l o c i a q e  t h r o u g h  t h e  c o m p r e s s o r  was a p p r o x i m a t ? l y  l i n e a r .  The r a d i a l  d i s -  
t r i b u t i o n  was u n i f o r m  a t  e a c h  c a l c u l a t i o n  s t a t i o n .  
The o u t p u t  d a t a  f rom t h e  CAFD c o m p t ~ c e r  p r o g r a n  w e r e  t h e  v e c t o r  d i a g r r m s  
a t  t h e  i n t e r s e c t i o n  of t h e  s t r e a m l i n e s  and t h e  c a l c u l a t i o n  s t a t i o n s .  These  
v e c t o r  d i a g r a m s ,  summarized i n  t h e  Appendix ( T a b l e  X X Z ) ,  were  u s e d  i n  t h e  
d e s i g n  of  t h e  ~3 b l a d e s  and v a n e s  a s  d e s c r i b e d  i n  t h e  n e x t  s e c t i o n .  I n  
a d d i t i o n ,  t h e  v e c t o r  d i a g r a m s  were used  t o  c a l c u l a t e  b l a d e  and vane d i f f u s i o n  
f a c t o r s  a s  an i n d i c a t i o n  of t h e  ae rodynamic  l o a d i n g .  F i g u r e  18 shows t h e  
s t a g e w i s e  d i s t r i b u e l o n s  o f  b l a d e  and vane  d i f f u s i o n  f a c t o r s  f o r  t h e  p i t c h  
s t r e a m l i n e  f o r  b o t h  r o t u r s  and s t a t o r s .  T h e s e ,  i n  g e n e r a l ,  a r e  somewhat chal- 
l e n g i n g  f o r  p i t c h - l i n e  d e s i g n  v a l u e s  and a re  h i g h e r  t L n  t l :ose  i n  o t h e r  G e n e r a l  
E l e c t r i c  commerc ia l  e n g i n e s  now i n  s e r v i c e  o r  r e c e n t l y  c e r t i f i e d .  However,  
t h e  ~3 d e s i g n  p o i n t  i s  on a n  e l e v a t e d  o p e r a t i n g  l i n e  which i n c r e a s e s  l o a d -  
i n g s  i n  t h e  r e a r  s t age s .  A l s o ,  t h e  v e c t o r  d i a g r a m s  r e f l e c t  z e r o  c u s t o m e r  
b l e e d  which i n c r e a s e s  l o a d i n g s  i n  S t a ~ e s  1  t h r o u g h  5 above  t h o s e  n o r m a l l y  
e x p e r i e n c e d  w i t h  b l e e d .  The G e n e r a ?  E l e c t r i c  e f f i c i e n c y  a n d  s t a l l  m a r g i n  c o r -  
r e l a t i o n s  i n d i c a t e d  t h a t  t h e  p e r f o r m a n c e  g o a l s  c o u l d  b e  m e t  w i t h  t h i s  l e v e l  o f  
ae rodynamic  l o a d i n g .  The end-wal l  d i f f u s i o n  f a c t o r s  f o r  t h e  r o t o r s  a r e  h i z h  er  
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t h a n  t h e  end-wall  v a l u e s  f o r  t h e  s t a t o r s ,  bu t  t h e s e  h igh  d i f f u s i o n  f a c t o r s  a r e  
ve ry  l o - a l ,  a s  ev idenced  i n  Figl i re  1 9 .  The s e l e c t i o n  of  h igh  end-wall  s w i r l  
l e v e l s  1s t h e  main cause  of t h e  h igh  r o t o r  end-wall  d i f f u s i o n  f a c t o r s .  Test  
d a t a  k -  ..n t h e  Core Compressor E x i t  S t age  S t u d y ,  how?ver, i n d i c a t e d  irnprove- 
ments i n  .o th  s t a l l  margin and o p e r a t i n g  l i n e  e f f i c i e n c y  when t h e  c o n v e n t i o n a l  
r e l a t i v e l y  f l a t  s t a t o r  e x i t  s w i r l  d i s ' r i b u t i o n  was r e p l a c e d  by a h igh  end-wall  
s w i r l  d i s t r i b u t i o n  s i m i l a r  t o  t h e  ~3 S t a t o r  6 d i s t r i b u t i o n  show;? i n  F i g u r e  
16. One a d d i t i o n a l  b e n e f i t  from t h e  h igh  end-wall swir l .  was t h a t  t h e  r o t o r  
b l a d e s  had lower i n l e t  r e l a t i v e  Mach numbers l o c a l l y  a t  t h e i r  t i p s .  F i g u r e  2 0  
is a p l o t  of t h e  r o t o r  t i p  and s t a t o r  hub i n l e t  r e l a t i v e  Mach numbers f o r  a l l  
10 compressor  s t a g e s .  The maximum r o t o r  i n l e t  Mach number, which g e n e r a l l y  
o c c u r s  a t  about  15% immersion a s  a  r e s u l t  o f  t h e  h igh  s t a t o r  e x i t  t i p  s w i r l  
a n g l e ,  i s  a l s o  p l o t t e d  i n  t h i s  f i g u r e .  The maximum s t a t o r  i n l e t  Mach number 
a lways  o c c u r s  a t  t h e  hub. Except  f o r  t h e  t i p  of  Rotor  1 ,  t h e  i n l e t  Mach num- 
b e r s  a r e  modera te  d e s p i t e  t h e  h igh  t i p  speed .  
2 . 3 . 2  h i r f o i ?  Design 
The aerodynamic des ign  of t h e  a i r f o i l s  f o r  t h e  ~ 3  c o r e  compressor  
i n c l u d e d  t h e  d e s i g n  of both t r a n s o n i c  and s u b s o n i c  r o t o r  b l a d e s ,  s u b s o n i c  
s t a t o r  vanes ,  and an i n l e t  g x i d e  vant.. Fundamenta l ly ,  t h e  approach  u t i l i z e d  
f o r  a l l  b l a d e  and vane d e s i g n s  was one oE t a i l o r i n g  s t r e a m  s u r f a c e  b l a d e  
shapes  t o  produce  s p e c k f i c  a i r f o i l  s u r f a c e  v e l o c i t y  d i s t r i b u t i o n s .  The f i r s t  
f o u r  r o t o r s  were t r a n s o n i c  b l ade  rows and were des igned  u t i l i z i n g  t e c h n i q u e s  
employed f o r  advanced f a n  s t a g e s .  The remain ing  s i x  s t a g e s  o f  r o t o r  b l a d e s  
and a l l  s t a g e s  of s t a t o r  vanes  o p e r a t e  i n  a  p redomina te ly  subson ic  f low e n v i r -  
onment and were t h e r e f o r e  des igned  somewhat d i f f e r e n t l y .  For  t h e  s i x  s u b s o n i c  
r o t o r  b l ade  rws and f o r  a l l  s t a t o r s ,  5 o f  t h e  12  s t r e a m l i n e s  were ana lyzed  
i n  d e t a i l  t o  de t e rmine  the s u r f a c e - v e l o c i t y  d i s t r i b u t i o n s  with r a d i a l  i n t e r -  
p o l a t i o n  be ing  employed t o  comple te  t h e  a i r f o i l  d e f i n i t i o n .  F o r  t h e  t r a n -  
s o n i c  r o t o r s ,  however, a l l  12 s t r e a m l i n e s  were examined. 
Rotors  1 Through 4 
I n  a d d i t i o n  t o  s t a t i o n s  a t  bo th  l e a d i n g  and t r a i l i n g  e d g e s ,  s e v e r a l  
i n t r a b l a d e  row s t a t i o n s  were used  t o  p r o v i d e  v e c t o r  d iagram and s t r e a m t u b e  
lamina t h i c k n e s s  i n f o r m a t i o n  f o r  t h e  t r a n s o n i c  f r o c t  r o t o r  b l a d e s .  T h i s  g r i d  
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of  s t r e a m l i n e s  and c a l c u l a t i o n  ? ' a t i ons  p rov ided  a model of t h e  f low f i e l d  
through t h e  b l a d e s  i nc  l ud ing  t h e  e f f e c t s  o f  r a d i a l  compcnents of b l a d e  f o r c e s ,  
f low f i e l d  s l o p z s  and c c r - ~ ~ t u r e s ,  b l a d e  t h i c k n e s s  b l o c k a g e s ,  and a x i a l  g r a d i -  
e n t s  of work i n p u t  and l o s s .  R e s u l t i n g  v e c t o r  d iagrams and f l u i d  p r o p e r t i e s  
a t  b l a d e  edges  and w i t h i n  t h e  b l a d e ,  p l u s  t h e  geometry of  t h e  a i r f o i l ,  were 
i n p u t  i n t o  t h e  Gene ra l  E l e c t r i c  S t r e a m l i n e  Blade  S e c t i o n  computer  program, 
which p r o v i d e s  an e s t i m a t e  of t h e  s u c t i o n  s u r f a c e  Mach number d i s t r i b u t i o n  
o v e r  t h e  forward  p a r t  o f  t h e  a i r f o i l  and d e t e r m i n e s  t h e  pas sage  a r e a  d i s t r i -  
b u t i o n  a l o n g  e a c h  s t r e a m l i n e .  The t h r o a t  a r e a  f o r  t h e  t r a n s o n i c  b l ade  rows 
was set nomina l ly  a t  6% above t h e  c r i t i c a l  v a l u e ,  assuming t h a t  one normal  
shock  l o s s  a t  t h e  i n l e t  Mach number would be i n c u r r e d  ahead  of  t h e  t h r o a t .  
Th i s  t a r g e t  r e p r e s e n t e d  a compromise between t h e  d e s i r e  t o  m a i n t a i n  s m a l l  
t h r o a t s ,  i n  o r d e r  t o  minimize t h r o a t  f low s e p a r a t i o n  aqd t h e  p o s s i b i l i t y  o f  a 
s t r o n g  second shock ,  and t h e  need t o  m a i n t a i n  a l a r g e  enough t h r o a t  t o  a s s u r e  
a s t a r t e d  shock  sys tem.  
Shaping  of  t h e  r o t o r  b l a d e  forward  of  t h e  pas sage  mouth was accompl ished  
by r e l a t i n g  t h e  s u c t i o n  s u r f a c e  shape  t o  t h a t  of t h e  "fr2e-f low" s t r e a m l i n e ,  
The term "free-f low" a p p l i e s  t o  t h e  p a t h  t h a t  a  p a r t i c l e  would f o l l o w  through 
t h e  b l a d e  row i n  t h e  absence  of a l l  b l a d e  f o r c e s ,  ene rgy  i n p u t  o r  l o s s e s ,  b u t  
wi th  t h e  e f f e c t s  o f  b l a d e  t h i c k n e s s  b lockage  and a n n u l u s  convergence  on t h e  
a x i a l  v e l o c i t y  accoun ted  f o r .  I t  t h u s  e s t a b l i s h e s  a  r e f e r e n c e  from which 
a d j u s t m e n t s  i n  t h e  s u c t i o n  s u r f a c e  c o n t o u r  can  be made i n  o r d e r  t o  compensate 
f o r  bow shock l o s s e s  and l e a d i n g  edge t h i c k n e s s  b lockage .  T h i s  i s  a  conven ien t  
means f o r  a s s u r i n g  t h a t  t h e  s u p e r s o n i c  f low minimum i n c i d e n c e  c o n s t r a i n t  i s  
observed  and e n a b l i n g  t h e  b l a d e  t o  p a s s  t h e  d e s i g n  a i r f l o w .  
For  t h e  s u b s o n i c  r o t o r  s e c t i o n s  n e a r  t h e  hub ,  t h e  G e n e r a l  E l e c t r i c  Cas- 
cade  A n a l y s i s  by S t r e a m l i n e  C u r v a t u r e  (CASC) compucer program, which . , andles  
b a s i c a l l y  s u b s o n i c  f l ows  ( a l t h o u g h  low s u p e r s o n i c  f l ow  r e g i o n s  a r e  a l l o w e d )  
was employed t o  d e s i g n  t h e  a i r f o i l s .  T h i s  program was a l s o  employed t o  ana-  
l y z e  t h e  s u b s o n i c  t r a i  l i n g  edge  r e g i o n  of t h e  s u p e r s o n i c - i n l e t  ou tboa rd  s e c -  
t i o n s .  The e x i t  f low a n g l e s  p r e d i c t e d  by t h e  CASC program were r e l a t e d  t o  
t h e  des ign  e x i t  a i r  a n g l e s  of t h e  CAFD c a l c u l a t i o n s  through an e m p i r i c a l  f ac -  
t o r .  The r a d i a l  d i s t r i b u t i o n s  of t h i s  e m p i r i c a l  f a c t o r  were  d e r i v e d  from d a t a  
a n a l y s e s  of t h e  low speed  r e s e a r c h  compressor  and h igh  s p e e d  compressor  t e s t  
c o n f i g u r a t i o n s  f o r  which t h e  r o t o r  geometry s i m i l a r  t o  t h a t  of  t h e  E~ c o r e  
compressor,  and a l s o  from c a l c u l a t i o n s  o f  secondary flow e f f e c t s  expected i n  
t h e s e  b lade  rows. 
Figure  21 shows tile f i r s t  four  r o t o r s  assembled i n t o  t h e  f r o n t  s p o o l ,  
t h e  propor t  ions  o f  t h e  b l a d i n g ,  and some t y p i c a l  a i r f o i l  s e c t i o n  shapes .  The 
a i r f o i l  geometry f o r  each b lade  row i s  summarized i n  Table X X I  i n  t h e  "Plane 
Sect  ion" d a t a .  
Rotors 5 Through 10 
The i n l e t  r e l a t i v e  Mach numbers f o r  Rotors 5 through 10 a r e  subson ic ,  
and t h e  through-blade v e c t o r  diagram c a l c u l a t i o n  procedure used f o r  t h e  
t r a n s o n i c  r o t o r s  was not  employed; v e c t o r  diagrams were o n l y  determined a t  
t h e  b lade  edges.  The a x i a l  d i s t r i b u t i o n s  o f  s t reamtube h e i g h t  were approxi-  
mated by l i n e a r  d i s t r i b u t i o n s  f o r  t h e s e  c a s e s .  I n  t h e  middle s t a g e s ,  and 
e s p e c i a l l y  i n  t h e  r e a r  s t a g e s ,  t h e  o v e r a l l  annulus  convergence is  smal l  and 
t h i s  l i n e a r  approximation of s t reamtube c o n t r a c t i o n  was cons ide red  t o  be ade- 
qua te .  In  a d d i t i o n ,  f o r  f low a t  t h e  lower middle s t a g e  and r e a r  s t a g e  Mach 
numbers, t h e  s e n s i t i v i t y  of  s u r f a c e  Mach number t o  smal l  a r e a  changes is not 
l a r g e .  
Blade shapes developed f o r  t h e s e  r o t o r s  have a  modified c i r c u l a r  a rc  
rnesnline wi th  e i t h e r  a  m u l t i c i r c u l a r  a r c  o r  a  65-se r i e s  chordwise t h i c k n e s s  
d i s t r i b u t i o n .  As wi th  t h e  t r a n s o n i c  r o t o r s ,  t h e  subsonic  b lades  were t a i l o r e d  
t o  have d e s i r a b l e  s u c t i o n  s u r f a c e  v e l o c i t y  d i s t r i b u t i o n s  a long s e v e r a l  
o f  t h e  d e s i g n  s t r e a m l i n e s  and determining t h e  b l a d e  shapes  necessa ry  t o  pro- 
duce t h e s e  d i s t r i b u t i o n s .  The d e s i g n  d i s t r i b u t i o n s  employed a r e  s i m i l a r  t o  
those  possessed by a i r f o i l s  t h a t  had been found t o  have s u p e r i o r  e f f i c i e n c y  
i n  t h e  s s p p o r t i n g  r e s e a r c h  program conducted i n  t h e  General  E lec ' r i c  Low 
Speed Research Compressor (References  3 and 4 ) .  The r e s u l t i n g  b lade  p r o f i l e  
shape near t h e  c a s i n g ,  r e l a t i v e  t o  a  convent ional  c i r c u l a r  a r c  meanl ine ,  is 
l i g h t l y  loaded over  t h e  forward p a r t  of t h e  a i r f o i l  and more h e a v i l y  loaded 
over  t h e  a f t  p a r t .  I n  t h e  hub reg ion ,  however, t h e  b lade  i s  unloaded i n  the  
t r a i l i n g  edge reg ion  h e r e  t h e  s u c t i o n  s u r f a c e  boundary l a y e r  i s  mos: l i k e l y  
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F i g u r e  21. Photograph  o f  F i r s t  Four R o t o r  S t a g e s .  
t o  s e p a r a t e .  I n  t h e  p i t c h - l i n e  r e g i o n  of  e a c h  r e a r  s t a g e  r o t o r  b lade ,  a  c i r c u l a r  
arc meanline gave t h e  d e s i r e d  v e l o c i t y  d i s t r i b u t i o n .  F i n a l  s u r f a c e  v e l o c i t y  d i s -  
t r i b u t i o n s ,  as de t e rmined  by t h e  CASC computer  program, are shown i n  F i g u r e  22 f o r  
t h e  t i p ,  p i t c h ,  and hub s t r e a m l i n e s  o f  Rotor  6 .  
Inc idence  a n g l e s  f o r  t h e s e  r o t o r s  were s e l e c t e d  t o  b e s t  accommodate t h e  
o f f - d e s i g n  r e q u i r e m e n t s .  Off -des ign  a n a l y s e s  were conducted t o  i n d i c a t e  how 
t h e  inc idence  would change a s  t h e  compressor  was u n t h r o t t l e d  t o  t h e  normal 
o p e r a t i n g  l i n e  and t h r o t t l e d  up t o  a  n e a r - s t a l l  p o i n t .  Analyses were a l s o  
conducted wi th  t h e  maximum a n t i c i p a t e d  cus tomer  b l eed  a t  S t age  5 e x i t  and 
a t  a  reduced c o r r e c t e d  speed  f o r  which t h e  f r o n t  s t a t o r s  were s u b s t a n t i a l l y  
c l o s e d .  It was found t h a t  t h e  i n c i d e n c e s  a t  t h e  t i p s  o f  t h e  r e a r  r o t o r s  d i d  
not  become much l e s s  t h a n  at  d e s i g n  but  d i d  i n c r e a s e  s e v e r a l  d e g r e e s  above 
t h e  d e s i g n  v a l u e s .  Hub i n c i d e n c e s  tended t o  m i g r a t e  somewhat more, p a r t i c -  
u l a r l y  i n  t h e  low i n c i d e n c e  d i r e c t i o n .  T h i s  knowledge was employed when 
s p e c i f y i n g  t h e  a i r f o i l  s u r f a c e  Mach number d i s t r i b u t i o n s  a t  t h e  d e s i g n  p o i n t ,  
and t h e  a c t u a l  i n c i d e n c e  a n g l e  was s e l e c t e d  t o  o b t a i n  a p p r o p r i a t e  l e a d i n g  
edge r e g i o n  s u r f a c e  v e l o c i t y  d i s t r i b u t i o n s  a t  t h e  d e s i g n  p o i n t .  For Rotor  5 ,  
which h a s  f a i r l y  h igh  subson ic  Mach numbers, CASC c a l c u l a t i o n s  were a l s o  made 
a t  t h e  lowest  expec ted  i n c i d e n c e  ( h i g h  r a t e s  o f  cus tomer  b l e e d )  t o  a s s u r e  
t h a t  i t s  t h r o a t  margin  would s t i l l  be adequate  and t h a t  a c c e p t a b l e  s u r f a c e  
Mach number d i s t r i b u t i o n s  would o c c u r .  F i n a l  d e s i g n  p o i n t  i nc idence  a n g l e s  
a r e  t a b u l a t e d  i n  t h e  column l a b e l e d  "INC" i n  t h e  t h i r d  row o f  t h e  Appendix 
(Tab le  XXT) f o r  each r o t o r .  
Dev ia t ion  a n g l e s  were de termined by a p p l y i n g  e m p i r i c a l  c o r r e c t i o n  f a c t o r s  
t o  t h e  two-dimensional  p o t e n t i a l  f l o w  e x i t  a i r  a n g l e s  c a l c u l a t e d  by t h e  CASC 
computer program. The r a d i a l  d i s t r i b u t i o n s  o f  t h e  e m p i r i c a l  d e v i a t i o n  a n g l e  
f a c t o r  were o b t a i n e d  i n  a manner s i m i l a r  t o  t h a t  d e s c r i b e d  i n  connec t ion  w i t h  
t h e  f i r s t  fou r  r o t o r s .  
Throughout t h e  i t e r a t i o n  p r o c e s s  used t o  a r r i v e  a t  a c c e p t a b l e  b l a d i n g  
d e s i g n s  f o r  a l l  b l a d e s  and v a n e s ,  t h e  i m p l i c a t i o n s  o f  ae rodynamica l ly  o r i e n t e d  
changes upon t h e  mechanica l  i n t e g r i t y  o f  t h e  a i r f o i l s  were evaluated. Maximum 
t h i ckness - to -chord  r a t i o  and t r a i l i n g  edge th ickness- to-chord  r a t i o  l e v e l s  and 
d i s t r i b u t i o n s  were s e t  t o  minimum v a l u e s  w i t h i n  t h e  c o n f i n e s  o f  a c c e p t a b l e  
F i g u r e  22. Rotor 6 S u r f a c e  Velocity Distribution. 
f r equency  r e s p o n s e  and t h e  r e q u i r e m e n t s  n e c e s s a r y  t o  a c h i e v e  e r o s i o n  l i f e  
c a p a b i l i t i e s .  
The geome t r i c  p r o p e r t i e s  of t h e  r o t o r  b l a d e s  a r e  t a b u l a t e d  unde r  t h e  
"Plane S e c t  ion" d a t a  of t h e  Appendix (Tab le  X X I ) ,  A pho to  of Ro to r s  6 through 
10 assembled i n t o  t h e  r e a r  s p o o l  i s  shown i n  F i g u r e  2 3  and i n d i c a r e s  t y p i c a l  
a i r f o i l  s e c t i o n s  used  i n  t h e  r e a r  r o t o r s .  
S t a t o r s  1  Throuf-h 1 0  
Methods used  t o  d e s i g n  t h e  s t a t o r  vanes  were t h e  same a s  t h o s e  u sed  t o  
d e s i g n  t h e  s u b s o n i c  r o t o r s .  That  is ,  v e c t o r  d iagrams were  de t e rmined  a l o n g  
numerous s t r e a m l i n e s  a t  t h e  l e a d i n g  and  t r a i l i n g  edges  of each vaqe  row. A i r -  
f o i l s  de s igned  t o  pe r fo rm a s  t h e  v e c t o r  diagrams i n d i c a t e d  were a n a l y z e d  w i t h  
t h e  CASC computer  program, u s i n g  l i n e a r  d i s t r i b u t i o n s  of  s t r e a m t u b e  c o n t r a c -  
t i o n  from l e a d i n g  edge  t o  t r a i l i n g  edge .  Blade s e l e c t i o n  c o n s i d e r a t i o n s  were 
t h e  same a s  f o r  t h e  s u b s o n i c  r o t o r  s e c t i o n s ,  i n c l u d i n g  t h e  g u i d i n g  i n f l u e n c e  
of  t h e  o f f -des ign  a n a l y s e s  t o  h e l p  s e l e c t  t h e  d e s i g n  i n c i d e n c e  from a  range  
of a c c e p t a b l e  i n c i d e n c e  v a l u e s .  The dominant  o f f -des ign  c o n s i d e r a t i o n  f o r  
t h e  f r o n t  s t a t o r s  d e r i v e s  from t h e  f a c t  t h a t  t h e s e  s t a t o r s  a r e  v a r i a b l e  and 
r u n  s u b s t a n t i a l l y  c l o s e d  down d u r i n g  pa r t - speed  o p e r a t i o n .  When c l o s e d  down, 
t h e s e  s t a t o r s  t e n d  t o  have e x c e s s i v e  camber and run  a t  v e r y  low i n c i d e n c e .  
To h e l p  m i t i g a t e  t h i s  c o n d i t i o n ,  d e s i g n  p o i n t  a i r f o i l  v e l o c i t y  d i s t r i b u t i o n s  
having  r e l a t i v e l y  h igh  leadi r ig  edge  l o a d i n g s ,  produced by u s i n g  r e l a t i v e l y  
h igh  d e s i g n  p o i n t  i n c i d e n c e s ,  were s p e c i f i e d .  The middle  s t a g e s  t e n d  t o  
m i g r a t e  more toward h igh  p o s i t i v e  i n c i d e n c e  r a t h e r  t h a n  h igh  n e g a t i v e ;  t h e r e -  
f o r e ,  l i g h t  l e a d i n g  edge  l o a d i n g s  were employed a t  t h e  d e s i g n  p o i n t .  The r e a r  
s t a t o r  i n c i d e n c e s  were s e t  s l i g h t l y  h igh  t o  r e f l e c t  t h e  u n t h r o t t l e d  c o n d i t i o n  
of t h e  nominal o p e r a t i n g  l i n e  r e l a t i v e  t o  t h a t  of t h e  d e s i g n  p o i n t .  D e v i a t i o n  
a n g l e s  were a g a i n  e s t a b l i s h e d  through an e m p i r i c a l  ad jus tmen t  t o  t h e  ca l cu -  
l a t e d  two-dimens i o n a l  c a s c a d e  v a l u e s  as mentioned p r e v i o u s l y .  
S t a t o r  a i r f o i l  s e c t  i o n s  f o r  S t a g e s  1 th rough 4 c o n s i s t  of mul t  i c i r c u l a r  
a r c  t h i c k n e s s  d i s t r i b u t i o n s  w l th  mod i f i ed  c i r c u l a r  a r c  meanl ines .  High end- 
w a l l  s w i r l  l e v e l s  combined wi th  medium t o  h igh  i n l e t  Mach numbers made it 
n e c e s s a r y  t o  s t r a i g h t e n  t h e  l e a d i n g  edge  p o r t i o n s  i n  t h e  end-wall  r e g i o n s  f o r  
t h e s e  s t a g e s  t o  keep  t h e  peak s u c t i o n  s u r f a c e  Mach numbers a s  low a s  p o s s i b l e .  
F i g u r e  23. Photograph o f  Rear Rotor S t a g e s .  
The t r a i l i n g  edge r e g i o n s  of t h e s e  f r o n t  s t a t o r s  w i t h  m u l t i c i r c u l a r  a r c  t h * c l < -  
n e s s  d i s t r i b u t i o n s  were a l s o  s t r a i g h t e n e d  s l i g h t l y  t o  a g o i d  e x ( - e s s i v e  di ' iu-  
s i o n  a l o n g  t h e  s u c t i o n  s u r f a c e  n e a r  t h e  t r a i l i n g  edge where  s e p a r a t r o n  1s  most 
l i k e l y  t o  o c c u r .  S t a t o r s  5 t h rough  9 employ c o n v e n t i o n a l  c i r c u l a r  a r c  mean- 
l i n e  s e c t  i o n s  w i t h  NACA 6 5 - s e r i e s  chordwise  t h i c k n e s s  d i s t r i b u t i o n s  . I n l e t  
Mach numbers f o r  t h e s e  s t a g e s  a r e  low enough t h a t  l e a d i n g  edge  s t r a i g h t e n i n g  
was n o t  r e q u i r e d .  L ikewi se ,  t h e  6 5 - s e r i  e s  t h i c k n e s s  d i s t r i b u t i o n  has  i t  s 
maximum t h i c k n e s s  forward  of t h e  midchord p o i n t  and does  not  have  a  chord-  
w i se  t h i c k n e s s  g r a d i e n t  n e a r  t h e  t r a i l i n g  edge t h a t  is a s  l a r g e  a s  t h a t  o f  t h e  
m u l t i c i r c u l a r  a r c  d i s t r i b u t i o n .  T h i s  e l i m i n a t e d  t h e  need t o  s t r a i g h t e n  t h e  
t r a i l i n g  edge  r e g i o n  of t h e s e  a i r f o i l s .  F i g u r e s  24 and 25  show t h e  r e s u l t i n g  
s u r f a c e  v e l o c i t y  d i s t r i b u t i o n s  f o r  S t a t o r s  2 and 6 ,  r e s p e c t i v e l y ,  and F i g u r e  
26  shows a v iew of  S t a t o r  6 i n d i c a t i n g  t y p i c a l  a i r f o i l  s e c t i o n s  used  f o r  t h e  
s t a t o r  v a n e s ,  a s  w e l l  a s  t h e  un ique  t w i s t  of t h e s e  a i r f o i l s .  
The s t a t o r  e x i t  swirl d i s t r i b u t i o n  employed had a  r a t h e r  d r a m a t i c  e f f e c t  
on s t a t o r  t w i s t .  The h i g h  s t a t o r  e x i t  end-wall  s w i r l  l e v e l  produced a  c o r r e -  
sponding  h igh  s t a t o r  i n l e t  s w i r l  i n  subsequent  s t a g e s ,  wi th  t h e  r e s u l t  t h a t  
t h e  end-wall  r e g i o n s  were s t a g g e r e d  c l o s e d  by 6"  t o  1 2 '  r e l a t i v e  t o  t h e  
p i t c h  s e c t  i on .  The s t  a c o r  camber, however ,  was n e a r l y  un i form r a d i a l l y .  
T h i s  c s n  be s e e n  i n  F i g u r e  2 6 .  As p o i n t e d  o u t  e a r l i e r ,  S t a t o r  B of t h e  Core  
Compressor E x i t  S t a g e  S tudy  e x h i b i t e d  s i m l l a r  geome t r i c  p r o p e r t i e s ;  and f o r  
t h a t  d e s i g n ,  wor thwh i l e  improvements  i n  b o t h  s t a l l  marg in  and  peak @ f  f i c i e n c y  
were no t ed .  An a d d i t i o n a l  f e a t u r e  o f  t h e  NASA S t a t o r  B d e s i g n  t h a t  was 
i nc luded  i n  t h e  ~3 s t a t o r  d e s i g n s  was t h e  somewhat uncouvenl i o n a l  r a d i a l  
d i s t r i b u t i o n  of s o l i d i t y .  The chord  was m a i n t a i n e d  c o n s t a n t  u r e r  t h e  i n n e r  
h a l f  of t h e  -pan  but  was i n c r e a s e d  a s  t h e  r a d i u s  i n c r e a s e d  o u t b o a r d  of midspan  
t o  m a i n t a i n  conscan t  s o l i d i t y .  The p i t c h - l i n e  l e v e l  of s o l i d i t y  f o r  e ach  
s t a r o r  was d e t e m i n e d  d u r i n g  t h e  o v e r a l l  c o n f i g u r a t i o n  s t u d i e s  d i s c u s s e d  i n  
S e c r i o n  B o f  t h i s  r e p o r t .  As c a n  be s e e n  i n  t h e  Appendix ( T a b l e  X X I ) ,  how- 
e v e r ,  t h e  s o l i d i t y  d i s t r i b u t i o n s  f o r  S t a t o r s  8 ,  9 ,  and 10 d o  no t  e x h i b i t  t h e  
c o n s t a  .: s o l i d i t y  f e a t u r e  o v e r  t h e  o u t e r  h a l f  of t h e  vane span .  For  t h e s e  
s t a t o r s ,  t h e  r a d i a l  cho rd  d i s t r i b u t i o n  had t o  be n o r e  nonuniform t h a n  t h a t  of 
t h e  S c a t o r  B d e s i g n  t o  produce  a c c e p t a b l e  r e s o n a n t  f r e q u e n c i e s .  The r e s u l t a n t  
chord  d i s t r i b u t i o n s  a r e  such  t h a t  t h e  s o l i d i t y  i n c r e a s e s  r a d i a l l y  from t h e  
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p i t c h  l l n e  t o  t h e  o u t e r  c a s l n g  and increases more r a p l d l y  toward  t h e  hub t h a n  
would o c c u r  w i t h  c o n s t a n t  c h o r d .  
The l a s t  s t a t o r  v a n e  was a  u n i q u e  d e s i g n ;  t h e  incoming  s w i r l  d i s t r i b u -  
t i o n  was s i m i l a r  t o  t h a t  o f  t h e  o t h e r  s t a t o r s ,  b u t  t h e  d e s i r e d  e x i t  s w i r l  was 
n e a r l y  u n i f o r m  r a d i a l l y .  The combined e f f e c t  o f  t h e s e  two s w i r l  d i s t r i b u -  
t i o n s  was t o  pro?uce h i g h  end-wal l  t u r n l n g  r e q u i r e m e n t s  r e l a t i v e  t o  t h e  p i t c h -  
l i n e  v a l u e s ,  and t h e  l e a d i n g  e d g e s  o f  t h i s  v a n e  had t o  b e  w e l l  c l o s e d  a t  t h e  
end w a l l s  r e l a t i v e  t o  t h e  p i t c h  l i n e .  F o r  t h i s  v a n e  t h e  c h o r d  was s e t  s u b s t a n -  
t i a l l y  h i g h e r  a t  b o t h  e n d s  t h a n  a t  t h e  p l t c h  l i n e  i n  o r d e r  t o  r e d u c e  end-wal l  
d i f f u s i o n  f a c t o r s .  
I n l e t  Guide  Vane 
The c o r r e l a t i c n  of c a s c a d e  d a t a  by Dunavant  ( R e f e r e n c e  6 )  was u s e d  t o  
d e s i g n  t h e  i n l e t  g u i d e  vane .  Two-dimensional, c a s c a d e  d e s i g n ,  e x i t  a i r  a n g l e s  
were r e l a t e d  tc t h e  CAFD e x i t  s w i r l  a n g l e s  by u s i n g  a  s e c o n d a r y  f l o w  c a l c u l a -  
t i o n  t o  p r e d i c t  end-wal l  o v e r t u r n i n g  a n d / o r  u n d e r t u r n i n g .  I n c l u d e d  i n  t h e  
s e c o n d a r y  f l o w  c a l c u l a t i o n  w e r e  t h e  r a d i a l  g r a d i e n t  o f  c i r c u l a t i o n  and t h e  
i n l e t  v o r t i c i t y  a s s o c i a t e d  w i t h  t h e  boundary  l a y e r  f l o w  n e a r  t h e  end  w a l l s .  
N e a r l y  3 "  o f  s e c o n d a r y  f l o w  o v e r t u r n i n g  were  c a l c u l a t e d  n e a r  t h e  o u t e r  c a s i n g ;  
and a t  t h e  i n n e r  w a l l ,  t h e  s e c o n d a r y  f l o w  e f f e c t s  amounted t o  s l i g h t l y  more 
t h a n  2 "  o f  o v e r t u r n i n g .  A t  t h e  p i t c h  l i n e ,  t h e  s e c o n d a r y  f l o w  e f f e c t s  com- 
b i n e d  t o  r e s u l t  i n  a v e r y  s l i g h t  u n d e r t u r n i n g .  The v a n e  l i f t  coefficients and 
a n g l e s  o f  a t t a c k  ( s t a g g e r )  were  s e l e c t e d  t o  p r o d u c e  a  r a d i a l l y  smooth d i s t r i -  
b u t l o n  c f  c a s c a d e  e x i t - . a i r  a n g l e s .  When t h e  c a l c u l a t e d  o v e r t u r n i n g s  were 
added  ( a n d  u n d e r t u r n i n g s  w e r e  s u b t r a c t e d )  t o  t h e s e  two-d imens iona l  c a s c a d e ,  
e x i t  a i r  a n g l e s ,  t h e  CAFD v e c t o r  d i a g r a m  e x i t  a i r  a n g l e s  were p r o d u c e d .  The  
f i n a l  vane  geomet ry  is i n c l u d e d  i n  t h e  Appendix ( T a b l e  X X I ) .  
2.4 COMPONENT TESTING AND DESIGN REFINEMENT 
- 
The o r i g i ~ a l  a e r o d y n a m i c  d e s i g n  o f  t h e  c o r e  c o m p r e s s o r  was c o m p l e t e d  i n  
t h e  second  q u a r t e r  o f  1979.  T h r e e  conponent  tes ts  were c o n d u c t e d :  t h e  f r o n t  
s i x  v a r i a b l e - s t a t o r  s t a g e s  were t e s t e d  i n  t h e   firs^ q u a r t e r  o f  198u ,  t h e  f u l l  
1 0 - s t a g e  c o m p r e s s o r  was t e s t e d  f o r  t h e  f i r s t  t i m e  d u r i n g  t h e  f i r s c  q u a r t e r  o f  
1981, and a  second t e s t  o f  t h e  f u l l  LO-stage compressor  was conducted  e a r l y  In 
1982. Var ious  d e s i g n  r e f i n e m e n t s  were made a s  a r e s u l t  of t h e  d a t a  o b t a i n e d  
d u r i n g  t h i s  exper iment  a1  e v a l u a t i o n  and development  program, and t h e  r e s u l  t i n g  
f i n a l  v e r s i o n  of the  c o r e  compressor  is  schedu led  t o  be u t i l i z e d  i n  t h e  ~3 
c o r e  e n g i n e  and ZCLS t u r b o f a n  e n g r n e  t e s t s  i n  1982 and L983. 
Six-Stage Component T e s t  
The o b j e c t i v e  of t h i s  t e s t  w a s  t~ d e t e r m i n e  t h e  pumping, e f f i c i e n c y ,  and 
s t a l l  marg in  c h a r a c t e r i s t i c s  of t h e  v a r i a b l e  s t a t o r  f r o n t  s t a g e s .  Dur ing  t h i s  
t e s t ,  t h e  d e s i g n  a i r f l o w  and p r e s s u r e  r a t i o  were demons t r a t ed ;  and t h e  e f f i -  
c i e n c y  g o a l  f o r  t h i s  f i r s t  b u i l d  was net. However, t h e  h igh  speed  s t a l l  mar- 
g i n  was below t h e  r e q u i r e d  l e v e l ,  and b l a d i n g  m o d i f i c a t i o n s  were r e q u i r e d  
b e f o r e  t e s t i n g  t h e  f u l l  10 - s t age  compressor .  
The s t a l l  margin  a t  100% s p e e d ,  t h e  h i g h e s t  spepd f o r  which a  s t a l l  was 
r eco rded  w i t h  t h e  s e l e c t e d  s t a t a r  s c h e d u l e ,  wa; GZ, c o n s i d e r a b l y  below t h e  
o b j e c t i v e  l e v e i  of  14% f o r  t h i s  b lock  o f  s t a g e s .  The s h o r t  f a l l  i n  s t a l l  mar- 
g i n  became p r o g r e s s i v e l y  l e s s  a s  speed  was reduced .  Below t h e  ground i d l e  
o p e r a t i n g  p o i n t ,  t h e  s t a l l  margin  met t h e  r e q u i r e m e n t s .  The f l ow v e r s u s  speed  
r e l a t i o n s h i p  f o r  t h e  compressor  was very  s t e e p ,  s i n c e  t h e  s t a t o r s  had t o  b e  
q u i t e  c l o s e d  a t  i d l e  i n  o r d e r  t o  meet t h e  low speed s t a l l  margin  g o a l .  The 
i d l e  a i r f l o w  o f  about  25% d e s i g n  f low was a t t a i n e d  a t  74% s p e e d .  S i n c e  t h e  
r e s u l t s  i n d i c a t e d  t h a t  t h e  e f f i c i e n c y  a t  overspeed  c o n d i t i o n s  was n o t  f a l l i n g  
off  a b r u p t l y ,  a  s t a t o r  s c h e d u l e  was s e l e c t e d  t h a t  k e p t  t h e  I G V  and f i r s t  
s t a t o r  a  few d e g r e e s  c l o s e d  from t h e  d e s i g n  s e t t i n g s  a t  h igh  speed i n  o r d e r  t o  
improve t h e  s t a l l  margin  a s  much a s  p o s s i b l e .  As a r e s u l t  o f  u s i n g  t h i s  
s c h e d u l e ,  t h e  d e s i g n  a i r f l o w  was ach ieved  a t  102% d e s i g n  c o r r e c t e d  speed .  The 
u n a d j u s t e d  measured o p e r a t i n g  l i n e  e f f i c i e n c y  was 84.1% a t  103% speed  (102% 
d e s i g n  f low)  and met t h e  g o a l  f o r  t h i s  t e s t .  The peak e f f i c i e n c y  of  85.6% was 
measured a t  100% s p e e d ,  abou t  8% i n  s t a l l  margin  below t h e  d e s i g n  o p e r a t i n g  
l i n e .  
I n t e r s t a g e ,  vane-mounted s e n s o r s  and t r a v e r s e  probe d a t a  i n d i c a r e d  t h a t  
t h e  hub r e g i o n  t o t a l  p r e s s u r e s  and a x i a l  velocities were l e s s  t h a n  t h e  d e s i g n  
i n t e n t  a t  h igh  speeds .  T h i s  weakness i n  t h e  hub f low was s e e n  t o  some e x t e n t  
i n  t h e  f i r s t  two s t a g e s  and became q u i t e  s e v e r e  by S t a g e  3 .  I t  was c l e a r l y  a 
major c o n t r i b u t o r  t o  t h e  i n s u f f i c i e n t  s t a l l  margln and t h e  low o p e r a t i n g  Line 
a l o n g  which t h e  peak e f f i c i e n c y  o c c u r r e d .  I t  was concluded t h a t  t h e  pr imary  
sou rce  of t h e  poor hub performance >*as a o s t  probably  i n  t h e  r o t o r s  due t o  
i n s u f f i c i e n t  a l lowance  f o r  hub d e v i a t i o n  a n g l e s  i n  t h e  o r i g i n a l  d e s i g n ,  and 
perhaps  a l s o  t o  r o t o r  d o v e t a i l  and p l a t f o r m  l eakage  p a t h s  t h a t  had n o t  been 
s u f f i c i e n t l y  s e a l e d .  
Immediately fo l lowing  t h e  s i x - s t a g e  component t e s t ,  d e s i g n  a c t i v i t y  was 
i n i t i a t e d  t o  s p e c i f y  m o d i f i c a t i o n s  t o  t h e  f r o n t  s t a g e s  t h a t  would s t r e n g t h e n  
t h e  hub r e g i o n  f low. The f i r s t - s t a g e  r o t o r  was r e s t a g g e r e d  c l o s e d  2.5' a t  t h e  
t i p  t o  f l a t t e n  t h e  t i p  s t r o n g  r a d i a l  p r o f i l e  o f  t o t a l  p r e s s u r e .  N e w  r o t o r  
b l a d e s  were des igned  f o r  S t ages  3 through 7 t h a t  had 6" h i g h e r  t r a i l i n g  edge 
camber i n  t h e  hub r e g i o n .  I n  a d d i t i o n ,  t h e  IGV was t w i s t e d  open 4" a t  t h e  
hub. The hub of t h e  f i r s t  s t a t o r  was a l s o  t w i s t e d  open 3 . 5 " ,  p l u s  i t  had 8" 
more hub camber added t o  i t s  t r a i l i n g  edge r e g i o n  f o r  a t o t a l  d e c r e a s e  i n  i t s  
t r a i l i n g  edge a n g l e  o f  11 .5" .  The i n t e n t  of  t h e s e  m o d i f i c a t i o n s  was t o  
a c h i e v e  the  o r i g i n a l  d e s i g n  v e c t o r  diagrams wi th  b l a d i n g  hav ing  t h e  l a r g e r  
d e v i a t i o n  ang le s  t h a t  were deduced from t h e  six-: , tage t e s t  d a t a .  A i r f o i l  
geometry f o r  t h e s e  f i n a l ,  r e d e s i g n e d  r o t o r  b l a d e s  i s  l i s t e d  i n  t h e  Appendix 
(Tab ie  X X I  I ) .  
I n  c a s e  t h e  r e a r  s t a g e s  shou ld  a l s o  prove to have i n s u f f i c i e n t  hub cam- 
b e r ,  i t  was a l s o  dec ided  a t  t h i s  t i m e  t o  d e s i g n  a l t e r n a t e  h i g h  hub camber 
r e a r  b l a d i n g .  A n a l y s i s  i n d i c a t e d  t h a t  i n  t h e  r e a r  s t a g e s  t h e  s t a t o r s  were 
l i k e l y  t o  have i n s u f f i c i e n t  camber, s o  new d e s i g n s  f o r  S t a t o r s  7 th rough 9 
were s p e c i f i e d  t h a t  had approx ima te ly  6.5' more t r a i l i n g  edge camber i n  t h e  
hub r e g i o n .  Again,  t h e  i n t e n t  was t o  a c h i e v e  t h e  o r i g i n a l  d e s i g n  v e c t o r  d i a -  
grams w i t h  b l a d i n g  hav ing  l a r g e r  hub d e v i a t i o n  a n g l e s .  A i r f o i l  geometry f o r  
t h e s e  f i n a l ,  r edes igned  s t a t o r  vanes i s  l i s t e d  i n  Tab le  X X I I  ( i n  Appendix) .  
R e p r e s e n t a t i v e  s e c t i o n s  o f  t h e  modif ied  c ~ r f o i l s  were examined u s i n g  t h e  
same cascade  a n a l y s i s  computer codes  t h a t  had been used i n  t h e  o r i g i n a l  d e s i g n  
t o  a s s u r e  t h a t  t h e  new shapes  r e t a i n e d  good v e l o c i t y  d i s t r i b u t i o n s .  
2 . 4 . 2  F ~ r s t  10-Stage Component T e s t  
The b u l l d u p  s c h e d u l e  f o r  t h e  f ~ r s t  10 - s t age  component t e s t  v e h l c l e  '1d 
no t  a l l o w  ; m e  f o r  t h e  procurement  of :he r e d e s i g n e d ,  h i g h  hub camber f r o n t  
r o t o r s  o r  r e a r  s t a t o r s .  As an  l n t e r l r n  s o l u t i o n  t o  t h e  problem of t h e  weak 
f r o n t  b lock  hub f l a w s ,  s l b  t h e  e x i s t l n g  f r o n t  v a r ~ a b l e  s t a t o r  v a n e  rows were  
t w ~ s t e d  open and g i v e n  i n c r e a s e d  hub camber.  Each vane  row was t w ~ s t e d  open  
3 . 5 "  a t  t h e  hub and t h e n  a d d i t i o n a l  t r a ~ l ~ n g  zdge  camber was provided: 8" 
more camber i n  t h e  hub o f  S t a t o r s  1 th rough  4 ,  and 5" more camber I n  S t a t c r s  5 
t h rough  6 .  The 4' open  hub t w l s t  i n  t h e  IGV row was a l s o  used .  With t h 2  
exception of  2 .5 "  t ~ p  c l o s u r e  i n  t h e  f i r s t  r o t o r ,  t h e  o t h e r  f r o n t  b l o c k  r o t o r s  
were  unchanged.  Ro to r  7 r e t a l n e d  i t s  o r l g i n a l  d e s ~ g n .  The a x i a l  d o v e t a i l s  
I n  t h e  f l r s t  f r v e  r o t o r  b l a d e  rows were s e a l e d  w l t h  RTV f o r  t h i s  b u l l d  I n  
o r d e r  t o  r educe  l e a k a g e  e f f e c t s .  
I n  t h e  r e a r  s t a g e s ,  t h e  S t a g e  7 t h rough  L O  s t a t o r  v a n e s  were t h e  o r i g i -  
n a l  d e s i g n .  The r c t o r  b l a d e s  used  i n  S t a g e s  8 t h r o u g h  10, however ,  we re  n o t  
t h e  o r i g i n a l  d e s i g n  b u t  i n s t e a d  were t h e  a l t e r n a t e  d e s i g n  t h a t  had a p p r o x i -  
m a t e l y  6 "  more camber a t  a l l  r a d i i .  T h i s  r o t o r  s e l e c t i o n  was made p r i m a r i l y  
t o  a s s u r e  t h a t  r e a r  b l o c k  pumping would e q u a l  o r  exceed  d e s i g n  i n t e n t ,  t h u s  
a v o i d i n g  t h e  p o s s i b i l i t y  of  o v e r l o a d i n g  t h e  f r o n t  s t a g e s  a t  h i g h  s p e e d .  I t  
was a l s o  done t o  a s s u r e  t h a t  t h s  f i r s t  t e s t  b u i l d  would meet Low speed  s t a l l  
n a r g i n  o b j e c t i v e s .  
The t e s t  r e s u l t s  f o r  t h ~ s  i n i t i a l  b u l l d  of t h e  f u l l  10 - s t age  compres so r  
i n d i c a t e d  t h a t  t h e  i n t e r i m  f r o n t  s t a g e  m o d i f i c a t i o n s  had worked S e t t e r  t h a n  
e x p e c t e d ;  t h e  hub r e g l o n  p r e s s u r e  r a t i o  now e q u a l l e d  o r  exceeded  t h e  d e s i g n  
i n t e n t .  The h igh  camber r e a r  r o t o r s  l i k e w i s e  showed no  s i g n  o f  h a v i n g  weak 
h u b s ,  and a s  a  r e s u l t  pumped h i g h e r  t h a n  d e s i g n  i n t e n t  c o r r e c t e d  a i r f l o w .  The 
h i g h  r e a r  b lock  pumping, however ,  matched t h e  compres so r  s o  a s  t o  un load  t h e  
f r o n t  s t a g e s  and t o  l oad  up  t h e  r e a r  s t a g e s .  T h i s  mismatch ing  l i m i t e d  t h e  
h i g h  speed  s t a l l  ma rg in  to o n l y  abou t  11%, a l t h o u g h  t h e  low speed  s t a l l  ma rg in  
( e v e n  w i t h o u t  u s e  o f  i n t e r s t a g e  b l e e d )  exceeded  t h e  r e q u i r e m e n t s  f o r  e n g i n e  
s t a r t i n g .  The f r o n t  s t a t o r  v a n e s  were s e t  open r e l a t i v e  t o  t h e  d e s i g n  s t a g g e r  
a n g l e s  i n  o r d e r  t o  o b t a i n  t h e  b e s t  p o s s i b l e  m a t c h i n g ,  s o  d e s i g n  a i r f l o w  and 
p r e s s u r e  r a t i o  were  ach i eved  a t  97 .5% d e s i g n  s p e e d .  The ma jo r  need e v i d e n t  
i n  t h e  t e s t  r e s u l t s  was t o  a c h i e v e  a b e t t e r  b a l a n c e  be tween f r o n t  and r e a r  
b lock  pumping s o  a s  t o  improve h igh  speed s t a l l  margin .  
The u n a d j u s t e d  measured efficiency of  81.8% a t  t h e  d e s i g n  p o i n t  met t he  
g o a l  f o r  t h e  t e s t ,  a s  d i d  t h e  peak v a l u e  of 82.6% measured nea r  che  c r u i s e  
power s e t t i n g .  Adjus tments  t o t a l i n g  abou t  2  p o i n t s  i n  e f f i c i e n c y  a r e  b e l i e v e d  
t o  be a p p r o p r i a t e  t o  accoun t  f o r  e x t e n s i v e  i n s t r u m e n t a t i o n ,  low t e s t  Xeynolds 
number, i n l e t  d u c t  l o s s  bookkeeping ,  e x t r a  v a r i a b l e  s t a t o r  rows, and some 
hardware  v a r i a n c e s .  The a d j u s t e d  d e s i g n  p o i n t  a d i a b a t i c  e f f i c i e n c y  o f  83 .8% 
is e q u i v a l e n t  t o  a p o l y t r o p i c  e f f i c i e n c y  o f  83.0%. Peak e f f i c i e n c y  a t  each  
speed  o c c u r r e d  on t h e  o p e r a t i n g  l i n e .  
2 . 4 . 3  Second 10-Stage Compressor T e s t  
The second f u l l  10-s tage  compressor  t e s t  v e h i c l e  f i r s t  r a n  l a t e  i n  1981.  
B u ~ l d u p  s c h e d u l e s  f o r  t h i s  test  a l lowed t h e  r e d e s i g n e d  h i g h  hub camber Ro to r  3  
th rough 7 t o  be u sed ,  a l o n g  w i t h  t h e  t w i s t e d  f i r s t  r o t o r  and o r i g i n a l  d e s i g n  
second r o t o r .  The f r o n t  s t a g e s  t h u s  were t h e  f i n a l  c o n f i g u r a t i o n s  a s  s p e c i -  
f i e d  a f t e r  t h e  s i x - s t a g e  t e s t  ( m o d i f i e d  r o t o r s  and o r i g i n a l  s t a t o r s ) ,  and 
whose geometry i s  t a b u l a t e d  i n  T a b l e  XXII. However, s c h e d u l e s  d i d  n o t  pe rmi t  
u se  of t h e  r e d e s i g n e d  r e a r  s t a t o r s ,  so t h e  o r i g i n a l  d e s i g n  r e a r  vanes  were 
a g a i n  used .  The o r i g i n a l  d e s i g n  ( l o w e r  camber) R o t o r s  8 through 10 were used 
i n  t h i s  b u i l d  t o  r educe  r e a r  b l o c k  pumping and a c h i e v e  a b e t t e r  match wi th  t h e  
f r o n t  s t a g e s  
T e s t  r e s u l t s  from t h i s  second 10-s tage  v e h i c l e  g e n e r a l l y  conf i rmed expec-  
t a t i o n s .  The r e d e s i g n e d  f r o n t  s t a g e s  had abou t  t h e  same pumping a s  t h e  modi- 
f i e d  b l a d i n g  used  i n  t h e  f i r s t  LO-stage v e h i c l e ,  and had a s a t i s f a c t g o r y  hub- 
s t r o n g  p r o f i l e  of  t o t a l  p r e s s u r e .  The pumpi.,g o f  t h e  f i x e d  geometry r e a r  
s t a g e s  w a s  reduced s o  a s  t o  match t h a t  of t h e  f r o n t  s t a g e s ;  and a s  a r e s u l t ,  
t h e  h igh  speed  c r u i s e  r e g i o n  s t a l l  margin  was improved t o  l e v e l s  of abou t  14% t o  
17%. Low speed s t a l l  margin  was a l s o  improved s l i g h t l y ;  a n d ,  a g a i n  i t  was 
p o s s i b l e  t o  a c h i e v e  e n g i n e  s t a r t  r e g i o n  s t a l l  margin  g o a l s  w i t h o u t  t h e  use  o f  
S t a g e  7  e x i t  s t a r t  b l e e d .  O v e r a l l  a d i a b a t i c  e f f i c i e n c y  was a l s o  improved 
somewhat; a  peak unad jus t ed  v a l u e  of  8 3 . 2 %  was measured a t  97.5% c o r r e c t e d  
s p e e d ,  n e a r  t h e  80% c r u i s e  t h r u s t  a i r f l o w .  
2.4.4 F i n a l  Compressor C o n f i g u r a t i o n  
The c o r e  compressor  f o r  t h e  E~ c o r e  eng ine  and ICLS t u r b o f a n  eng ine  w i l l  
i n c o r p o r a t e  t h e  r e d e s i g n e d ,  hip+-hub-camber r e a r  s t a t o r s  as w e l l  a s  t h e  rede-  
s igned  f r o n t  s t a g e s  used i n  t h e  second 10-s tage  component t e s t .  The r e a r  
r o t o r s  w i l l  u s e  t h e  o r i g i n a l  d e s i g n  a i r f o i l s  but  w i l l  be s t a g g e r e d  c l o s e d  2 " ,  
r e l a t i v e  t o  t h e  o r i g i n a l  d e s i g n ,  a t  a l l  r a d i i .  This  i s  expec ted  t o  m a i n t a i n  
t h e  o r i g i n a l  d e s i g n  pumping w i t h  t h e  opened up s e a r  s t a t o r  hubs .  The b l a d i n g  
geometry f o r  t h i s  f i n a l  v e r s i o n  o f  t h e  c o r e  compressor  is  documented i n  t h e  
Appendix (Tab le  X X I I ) .  
An o f f - d e s i g n  per formance  e s t i m a t e  f o r  t h i s  f i n a l  c o n f i g u r a t i o n  was made 
u s i n g  l o s s  c o e f f i c i e n t s  and d e v i a t i o n  a n g l e s  deduced from t h e  f i r s t  10-s tage  
compressor  t e s t .  Th i s  a n a l y s i s  i n d i c a t e d  t h a t  t h e  d e s i g n  i n t e n t  a i r f l o w  and 
a 23:L p r e s s u r e  r a t i o  shou ld  be ach ieved  a t  v e r y  c l o s e  t o  100% d e s i g n  speed 
w i t h  a l l  s t a t o r s  s e t  a t  e s s e n t i a l l y  t h e i r  d e s i g n  t i p  s t a g g e r  a n g l e .  At t h i s  
c o n d i t i o n  t h e  b l a d i n g  shou ld  produce v e c t o r  d iagrams t h a t  a r e  v e r y  c l o s e  t o  
t h e  o r i g i n a l  d e s i g n  i n t e n t ,  a s  l i s t e d  i n  t h e  Appendix ( T a b l e  X X I )  . The a n t i c -  
i p a t e d  s t a g e w i s e  d i s t r i b u t i o n  o f  work i n p u t  f o r  t h e  f i n a l  c o n f i g u r a t  i o n s  is  
compared t o  t h e  o r i g i n a l  d e s i g n  i n t e n t  i n  F i g u r e  27.  The d i f f e r e n c e s  observed  
seem t o  be minor .  
The e x t e n s i v e  t e s t i n g ,  p o s t t e s t  a n a l y s i s ,  and d e s i g n  r e f inemen t  p r o c e s s  
d e s c r i b e d  i n  t h i s  r e p o r t  have developed a  f u l l y  s a t i s f a c t o r y  f i n a l  aero-  
dynamic and mechanica l  d e s i g n  c o n f i g u r a t i o n  f o r  t h e  E~ c o r e  compressor .  T h i s  
d e s l g n  should  be c a p a b l e  o f  meet ing  n e a r l y  a l l  program e f f i c i e n c y  and s t a l l  
margin g o a l s  when e v a l u a t e d  d u r i n g  t h e  c o r e  eng ine  and I C L S  t u r b o f a n  eng ine  
t e s t i n g  schedu led  f o r  1982 aqd 1983.  
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3.0 MECHANICAL D E S I G N  
3 .1  INTRODUCTION 
The f o l l o w i n g  s e c t i o n s  d i s c u s s  t h e  d e t a i l e d  mechan ica l  d e s i g n  a s p e c t s  o f  
t h e  E~ h i g h  p r e s s u r e  compressor  r o t o r  and s t a t o r .  I nc luded  i n  t h e  informa- 
t i o n  a r e  d e s i g n  f e a t u r e s ,  m a t e r i a l s ,  b l a d e  and vane f r equency  p l o t s ,  a i r f o i l  
geometry and s t r e s s e s ,  s t a b i l i t y  p l o t s ,  and measured s t a l l  s t r e s s  d a t a  from 
r i g  t e s t s .  A s e c t i o n  on a c t i v e  c l e a r a n c e  c o n t r o l  i s  a l s o  i n c l u d e d .  
F i g u r e  28 shows a n  o v e r  and under  cross s e c t i o n  o f  t h e  ~3 proposed  con- 
f i g u r a t i o n  and t h e  c u r r e n t  FPS a - o n f i g u r a t i o n .  Some o f  t h e  m a j o r  changes  from 
t h e  proposed c o n f i g u r a t i o n  a r e  t h r  use  o f  b o o s t e r  d i s c h a r g e  a i r  t o  c o o l  t h e  
i n t e r n a l  s t r u c t u r e  o f  t h e  r c i o r ,  t h e  removal o f  I D  b l e e d  a i r  e x t r a c t i o n  
t u b e s ,  and an  improved a c t i v e  c l e a r a n c e  c o n t r o l  sys tem.  I n  a d d i t i o n ,  t h e  com- 
p r e s s o r  c a s i n g  m a t e r i a l  was changed from t i t a n i u m  t o  s t e e l  and a x i a l  d o v e t a i l s  
r e p l a c e d  t h e  c i r c u m f e r e n t i a l  t y p e  i n  t he  forward  s p o o l .  
L i s t e d  i n  F i g u r e  29 a r e  some o f  t h e  more impor t an t  d e s i g n  f e a t u r e s  o f  t h e  
compres so r ,  many o f  which a r e  a d d r e s s e d  i n  t h e  f o l l o w i n g  pages .  
The FPS compressor  w i l l  be des igned  f o r  an i n s t a l l e d  s e r v i c e  l i f e  o f  
18 ,000  h o u r s  w i thou t  r emova l .  I n s p e c t i o n s  and minor  r e p a i r s  w i l l  be  a l lowed 
t o  a t t a i n  a  t o t a l  u s e f u l  e n g i n e  l i f e  o f  36 ,000  h o u r s  o v e r  a  f i f t e e n  y e a r  t ime 
p e r i o d .  T h i s  w i l l  i n c l u d e  40 ,000  s t a r t s  and 38 ,000 t h r u s t  r e v e r s a l s .  S t a l l s  
of  t h e  compressor  w i l l  n o t  c a u s e  mechan ica l  drmage t o  t h e  rugged ,  low a s p e c t  
r a t i o  compressor  b l a d e s .  
3 . 2  COMPRESSOR ROTOR MECHANICAL DESIGN 
3.2.1 F e a t u r e s  
F i g u r e  30 shows a  c r o s s  s e c t i o n  o f  t h e  compressor  r o t o r  t o  be used i n  t h e  
c o r e  and ICLS e n g i n e  t e s t s .  The r o t o r  un ique  d e s i g n  f e a t u r e s  a r e  a l s o  noted  
on t h e  c r o s s  s e c t i o n .  The b a s i c  mechan ica l  d e s i g n  o b j e c t i v e  was t o  produce  a  
l i g h t w e i g h t ,  r ugged ,  c o s t  e f f e c t i v e  compressor  r o t o r .  The f e a t u r e s  which con- 
t r i b u t e  t h e  most  t o  mee t ing  t h i s  o b j e c t i v e  a r e  t h e  use  o f  l i g h t w e i g h t ,  h i g h  
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s t r e n g t h  m a t e r i a l s ;  t h e  u t i l i z a t i o n  of  low a s p e c t  r a t i o  (LAR) a i r f o i l s ;  and a  
s h o r t / s t i f f  t h r e e - p i e c e  r o t o r  s t r u c t u r e  w i t h  o n l y  one  b o l t e d  j o i n t .  
The m a t e r i a l s  c s e d  i n  t h e  compressclr r o t o r  a r e  shown in F i g u r e  31.  One 
b a s i c  g u i d e l i n e  was t o  maximize t h e  u se  o f  t i t a n i u m  f o r  weight  c o n s i d e r a -  
t i o n s .  The s e l e c t i o n s  shown maximize t h e  u se  o f  t i t a n i u m  based  on t h e  growth 
e n g i n e  c y c l e .  I n  t h e  FPS d e s i g n ,  t h e  t i t a n i u m  i s  moved back one s t a g e  t h e r e b y  
s a v i n g  c o n s i d e r a b l e  w e i g h t .  The b a s i c  r e a s o n s  f o r  t h e  s e l e c t i o n s  made a r c  a s  
f o l l o w s :  
T i t an ium b l a d e s  ( T i  8-1-1 v e r s u s  T i  6-4 o r  T i  6-2-4-2 - Ti  8-1-1) were 
chosen  because  o f  b e t t e r  low c y c l e  f a t i g u e  (LCF) s t r e n g t h  and 
h i g h e r  s t i f f n e s s - t o - w e i g h t  ( E l p )  r a t i o .  
N icke l  b l a d e s  ( 1 x 0  718 v e r s u s  A286 B) - Based on c u r r e n t  e x p e r i z n c e ,  
Inco  718 is s u p e r i o r  t o  A286 in  HCF and t e m p e r a t u r e  c a p a b i l i t v .  
T i t an ium s p o o l s  (Ti-17 v e r s u s  T i  6-4 o r  T i  6 - 2 - 4 - 2 )  - Ti-17 h a s  
b e t t e r  LCF s t r e n g t h  and much b e t t e r  u l t i m a t e  t e n s i l e  s t r e n g t h  (UTS) 
which was impor t an t  i n  mee t ing  b u r s t  margin  c r i t e r i a  w h i l e  minimiz-  
i ng  we igh t .  
S t e e l  r o t o r s  (Rent5 95 powder v e r s u s  Inco  718)  - Like  t h e  Ti-17 i n  
t h e  forward  s p o o l ,  R e d  9 5  h a s  b e t t e r  LCF and much b e t t e r  UTS 
t h a n  Inco  718. It a l s o  h a s  s u p e r i o r  h i g h  t e m p e r a t u r e  c r e e p  r e s i s -  
t a n c e  and i n  p r o d u c t i o n  should  be c o m p e t i t i v e  w i t h  Inco  718 when 
produced i n  n e a r  n e t  shape  form. 
The compressor  i n c o r p o r a t e s  t h e  u s e  o f  low a s p e c t  r a t i o  a i r f o i l s .  They 
have  e x c e l l e n t  r e s i s t a n c e  t o  impact damage a n d ,  most i m p o r t a n t l y ,  can w i t h s t a n d  
r e p e a t e d  s t a l l s .  F i g u r e  3 2  i l l u s t r a t e s  t h e  e x p e r i m e n t a l l y  d e r i v e d  r e l a t i o n s h i p  
between a i r f o i l  s t a l l  s t r e s s  and a i r f o i l  a s p e c t  r a t i o .  Data a r e  p l o t t e d  from 
t h e  r i g  t e s t s  which a g r e e  f a v o r a b l y  w i th  t h e  d e r i v e d  r e l a t i o n s h i p ;  a n d ,  based on 
o t h e r  eng ine  e x p e r i e n c e ,  t h e  a i r f o i l  d e s i g n  w i l l  w i t h s t a n d  r e p e a t e d  s t a l l s  
d u r i n g  o p e r a t  i o n .  
3 . 2 . 2  Rotor  S t r u c t u r e  Design 
The r o t o r  s t r u c t u r e  was d e s i g n e d  a s  s h o r t  a s  p o s s i b l e  and t h e  l a r g e  
d i a m e t e r ,  l o a d - c a r r y i n g  drum c o n f i g u r a t i o n  makes t h e  r o t o r  v e r y  s t i f f  which 
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A. C/R ASPECT R A T I O  BAND 
I 1 -I 
I ,  C! 2,  C 3 , O  
ASPECT RATIO - STACKING A X I S  
F i g u r e  3 2 .  Comparison O f  Stall S t r e s s  V ~ r s u s  Aspect R a t i o  
minimizes  bowing d u r i n g  maneuvers. The m u l t i s t a g e  i n t e g r a l  forward  and a f t  
s p o o l s  minimize t h e  number of r o t o r  p a r t s ,  e l i m i n a t e  p o s s i b l e  b o l t - r e l a t e d  
problems,  and minimizes we igh t .  The forward  s h a f t  i s  an i n t e g r a l  p a r t  of t h e  
forward s p o o l  which a g a i n  minimizes  t h e  w e ~ g h t  a s  do t h e  deep b o r e s  i n  t h e  
a f t  s p o o l .  The r o t o r  s t r u c t u r e  i s  de s igned  t o  meet t h e  l i f e  usage a s  d e f i n e d  
i n  t h e  t e c h n i c a l  r e q u i r e m e n t s .  I n  a d d i t i o n ,  i t  h a s  an  overspeed  c a p a b i l i t y  
of >120% of maximum p h y s i c a l  r o t o r  speed  based 07 grorrth engine  c o n d i t i o n s  
- 
and rneets o t h e r  Gene ra l  E l e c t r i c  e s t a b l i s h e d  d e s i g n  c r i t e r i a .  
The r o t o r  i n n e r  c a v i t y  is  v e n t i l a t e d / c o o l e d  by b r i n g i n g  b o o s t e r  d i s c h a r g e  
a i r  i n t o  t h e  r o t o r  th rough s l o t s  i n  t h e  forw?rd  s t u b  s h a f t .  V a r i o u s  schemes 
were s t u d i e d  i n c l u d i n g  ones  b r i n g i n g  i n  S t a g e  a n d / o r  S t a g e  6 r o t o r  e x i t  a i r .  
The b o o s t e r  d i s c h a r g e  a i r  approach  was s e l e c t e d  >ec&use  i t  g i v e s  t h e  b e s t  b a l -  
ance  o f  r o t o r  s t r u c t u r e  s t r e s s l l i f e ,  enhances  t h e  r o t o r  c l e a r a n c e  c o n t r o l ,  and 
e l i m i n a t e s  e x p e n s i v e ,  weighty ,  in f low-bleed  schemes.  
F e a t u r e s  i n c o r p o r a t e d  i n t o  t h e  d e s i g n  which i n c r e a s e  aerodynamic p e r f o r -  
mance i n c l u d e :  
r Highly p o l i s h e d  a i r f o i l s  t o  r educe  a i r f o i l  d r ag  l o s s e s  
a Improved s e a l i n s  of .. ~ i a l  d o v e t a i l s  t o  p reven t  r e c i r c u l a t i o n  
a Xinirnized i n t e r s t a g e  s e a l  c a v i t i e s  t o  r educe  windage l o s s e s  
a Three- tooth  CDP s e a l  which g l v e s  b e s t  ba l ance  of leakage  l o s s  and 
windage l o s s e s .  
3 . 2 . 3  Rotor  Blade Desien 
'The r o t o r  b l a d e s  were des igned  f o l l o w i n g  w e l l - e s t a b l i s h e d  d e s i g n  c r i -  
t e r i a .  These c r i t e r i a  i n c l u d e :  
- Main ta in  152 f i r s t  f l e x  margin  over 21rev  a t  maximum r o t o r  
speed.  
.- Mainta in  104 f i r s t  f l e x / f i r s t  t o r s i o n  margin  o v e r  low o r  known 
p e r  r e v  s t i n u l i  t h r o s g h o l ~ t  eng ine  o p e r a t i n g  r ange .  
- R e s t r i c t  reduced v o l o r i t y  parameter! incidence a n g l e  c o z b i n a t i o n s  
t o  Gene ra l  E l e c t r i c  e s t a b l i s h e d  a c c e p t a b l e  v a l u e s  ( i n c l u d e s  
experiment  a1 and i n - s e r v i c e  d a t a ) .  
- Opt imize  a i r f o i l  t i l t  t o  minimize g a s  bending  stress.  
- Yeet weak l i n k  c r i t e r i a  (HCF s t r e n g t h  of d i s k  d o v e t a i l  > HCF 
s t r e n g t h  of b l a d e  d o v e t a i l  > H C F  s t r e n g t h  of  a i r f o i l  Ln f i r s t  
t h r e e  beam modes ). 
- Opt imize  d o v e t a i l  o f f s e t  t o  p r o v i d e  maximum a l l o w a b l e  v i b r a t o r y  
s t r e s s .  
- Prov ide  a d e q u a t e  margins  i n  neck t e n s i l e  and t a n g  s h e a r  s t r e s ~ .  
- Design t o  a c c e p t a b l e  c r u s h  s t r e s s e s .  
- Prevent  "domino" e f f e c t  a t  maximum p h y s i c a l  speed .  
X summary of  t h e  key b l a d e  d e s i g n  pa rame te r s  is shown i n  T a b l e  X .  Camp- 
b e l l  d iagrams f o r  a l l  10 s t a g e s  of b l a d e s  a r e  p r e s e n t e d  i n  F i g u r e s  33 th rough 
42 .  A l so  shown on t h e  Campbell d iagrams a r e  d a t a  p o i n t s  o b t a i n e d  d u r i n g  t h e  
1-6 and 1-10 compressor  r i g  t e s t s  which show e x c e l l e n t  agreement w i t h  t h e  pre-  
d i c t e d  v a l u e s .  A composi te  s t a b i l i t y  p l o t ,  one  f o r  t o r s i o n a l  s t a b i l i t y  and 
one  f o r  f l e x u r a l  s t a b i l i t y ,  i s  p r e s e n t e d  i n  F i g u r e s  4 3  and 4 4 .  Based on t h e s e  
p l o t s ,  a o  a e r o  i n s t a b i l i t i e s  a r e  e x p e c t e d .  
Blade v i b r a t o r y  s t r e s s e s  f o r  s t e a d y - s t a t e  and s t a l l  o p e r a t i o n s  have been 
r e c o r d e a ,  u s i n g  s t r a i n  gage measurement sys t ems ,  d u r i n g  t h e  1-6 and 1-10 com- 
p r e s s o r  r i g  t e s t s .  The s t r e s s e s  obse rved ,  a s  a  f u n c t i o n  of p e r c e n t  l i m i t s ,  
a r e  g i v e n  i n  Tab le  XI. The S t age  3 b l a d e  a i r f o i l  r o o t  was t h i c k e n e d  f o r  t h e  
c o r e  e n g i n e  d e s i g n  t o  r a i s e  t h e  f i r s t  f l e x u r a l  f requency  above + / r ev  a t  t h e  
maximum s p r e a d .  The o r i g i n a l  d e s i g n  of  t h e  S t a g e  3 b l a d e  had a Y/ rev  c r o s s -  
o v e r  i n  t h e  o p e r a t i n g  speed  r a n g e .  
3 . 3  COMPRESSOR STATOR MECHANICAL DESIGN 
The p roduc t  engine  w i l l  have  t h e  i n l e t  g u i d e  vanes and f i r s t  f i v e  rows 
of s t a t o r  vanes  v a r i a b l e  t o  a c h i e v e  d e s i r e d  compressor  per formance .  ~3 
development compressors  have I G V f s  p l u s  s i x  rows of  vanes  v a r i a b l e  t o  a l l o w  
performance mapping th roughou t  t h e  e n g i n e  o p e r a t i n g  r a n g e .  T a b l e  X I 1  p r e s e n t s  
t h t  g o a l s  t h a t  were e s t a b l i s h e d  f o r  t h e  mechanica l  de s ign  of t h e  compressor  
s t a t o r .  M a t e r i a l s  s e l e c t e d  f o r  t h e  1-10 compressor  s t a t o r  and ,  wi th  t h e  excep- 
t i o n  of  t h e  Vespel  VSV b u s h i n g s ,  f o r  t h e  c o r e  e n g i n e  a r e  p r e s e n t e d  on F i g u r e  
Table X. E~ Compressor Rotor  Blade Summary ( M e t r i c  U n i t s ) .  
1 S t a g e  Number 
Number of Blade8  6 0  70 8 0  82  8 4  8 6 94 
00538 00538 
2 .332  1 , 0 9 4  
27.341 2 7 . 3 4 3  
2 0 . 7 0 3  29 .467  
2 7 . 3 0 8  27 .313  
5 7 . 9 5  5 7 . 4 8  
4 5 . 2 1  4 7 . 6 5  
Carnber T i p  (Deg) 9 . 6 6  2 7 . 5 5  29 .22  
Camber Koot (Deg) 33 .36  3 2 . 0 2  
Ctlord T i p  (cm) 2 .540  2 .286  
i Cllord Root ( c m )  2.540 2.266 
Aspec t  K a t i o  T i p  0 . 9 1 6  0 . 9 1 6  
Aspect  R a t i o  Hoot 1 .549  0 . 9 1 8  0 . 9 1 6  
Hadiue R a t i o  ( A e r o )  0 . 9 1 9  0.9'26 3 .r) 
h r / C  T i p  0 .039  0 . 0 4 3 5  l . ~ j  
. . 
h / C  Root 0 . 0 7 5  0 .  0850 -5. :- ! 
Te/C T i p  0 . 0 1 1  0 . 0 1  1  . ,. - r  -. 
Te/C Root 0 . 0 1 5  0 . b i 5  
S o l i d i t y  T i p  
1 . 2 5  e+: , '. 3 
+ T i l t  (TANG) (Had) -# 
O P r e t w i s t  (Deg) + , .. 
A i r f o i l  Type 1 :  
A i r f o i l  Weight (kgJ h ' *  
Blade  Weight ( k g )  -< L* 
T i p  Area (crn2) 
Hoot Area (cm2) 
M a t e r i a l  
+Tempera tu re  ( *  C) 113 178 36 1  423  480 599 b5 5  
897 P a r t  Number 4013267- 89  1  89  2  89  3  8 94 895  896 89  9  900 
+ A i r f o i l  S t r e e e  ( ~ ~ / c m ~ )  
Max Hoot SS 3 6 . 5  27 .6  3 4 . 5  20. 7 30 .3  2 8 . 3  2 5 . 5  3 0 . 3  2 9 . 6  
OCent 21 .1  1 6 . 5  1 3 . 1  I  I 1 7 . 2  1 4 . 5  11 8. 'j 7.6 
0 R U C  5 . 3  12 .4  1 3 . 8  2 o 2 4 . 1  2 4 . 1  15.8  2 2 . 7  (6 .  Y z 4 ,  n 
* \ i n l e s s  o t h e r w i s e  ~ ~ ~ t e d ,  a l l  geomet ry  a 1  s t a c k i n g  a x i s .  
+Used c y c l e  c a s e  26 - Max p r e s s u r e ,  wi th  c y c l e  c a s e  27 - Max t e m p e r a t u r e ,  and d e t e r i o r a t e d  e n g i n e  :Nc=13948 r p m ) .  
Ollued FPS c y c l e  c a s e  / + I  ( 1 0 0 %  X N H H  = 12003 rpm, X N I I  = 12645 rpol) Max c l i m b  - Aero Des ign  P o ~ n t  . 
-- 
T a b l e  X .  ~3 Compressor Rotor Blade Summary ( U . S .  Units). 
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S t a g e  Number 
Numher o f  B l a d e s  
C o o r d i n a t e  Tape Number 
* ~ l r f o i l  Leng th  ( i n c h )  
R a d i u s  Root ( i n c h )  
R a d i u s T i p ( L E )  ( i n c h )  
1 0  
94 
00538 
0 .824>  
10.165 
11.601 
~ a d i u s  Root (1.E) ( i n c h )  
O r i e n t  Angle. T i p  (Deg) 
O r i e n t  Angle ,  Root (Deg) 
Camber T i p  (Deg) 
Camher Root (Deg) 
Chord T i p  ( i n c h )  
Chord Root ( i n c h )  
Aspect  R a t i o  T I P  
Aspec t  R a t i o  Root 
Rad ius  H a t i o  ( A e r o )  
Ih/C T i p  
m/C Root 
Te/C T i p  
Te/C Root 
S o l i d i t y  T i p  
S o l i d i t y  Root 
+ T i l t  (TANG) (Red)  
+ P r r t w i s t  (Deg)  







10.736 10.751 1 0 . 7 5 j  
55.53 57.95 5 7 . 4 8  
42.74 45.21 47.65 
27.65 
34.04 
1.07 77, 1.068 1 .uO 0 .90  0.964 0.918 0 .916 0.964 0 .918  0.916 0.91 U . 9 1 9 ,  0.YZ6 0. 38 0 .039 
0.080 0 .075 0.0850 
0 .011 0 .01  1 0.01 1 
0 .015 0.015 0.015 
1,214 1.17 1.164 
1.376 1.27 1.25 
4.35% LHI 8.2% LHI 6 . 8 2 %  L H I  
0.424 0 .400 0.350 
-- - -- - . 


























Blade Weight ( I b )  
T i p  Area  ( i n s 2 )  
Root Area ( i n .  2, 

















































+Tempera tu re  ( '  F) 2 35 
P a r t  Number 401 3267- 891 892 
+ A i r f o i l  S t r e s s  ( K S I )  
Max Root SS 5 3 40 30 
oCent  30.6 2 4 16 
O ~ U C  8 18 2 9 
+Used c y c l e  r a v e  2h - Max p r e s s u r e ,  w i t h  c y c l e  c a s e  27 - Max t e m p e r a t u r e ,  and d e t e r i o r a t e d  e n g i n e  (Nc=13948 rpn l ) .  









































































































































On 03SERVED FREQUENCY 1-6 R I G  TESI) NOTE: R I G  BLADE MATL.  I S  T i  6-4 
a= OBSERVED FREQWNCY 1-10 RIG TFSrr CORE BLADE MATL.  t.IILL BE T i  8-1-1 
n 8 
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Figure  33. Compressor Rotor Stage 1 Blade Campbell Diagram, 
0 OBSZRVED FREQUENCY 1-6 RIG TEST NOTE: R I G  BLADE MATL. I S  CORE BLADE MATL. W 
= OBSERVED FRFQUENCY 1-1G RIG TEST 
F E X  
2 STXPE 
3 - -  /I 
3?-0 Fir:! 




T i  6-4 
I L L  BE T i  
ROTOR SPEED (KRPM) 
F i g u r e  3 4 .  Compressor Rotor S t a g e  2 Blade  Campbell  Diagram. 
NOTE: R I G  BLADE MATL. IS T i  6-4 
CORE BLADE MATL . WILL BE T i  8- 1 - 1 
0' O S E R V E D  FiiEQUENCY 1-6 RIG TEST 
OBSERVED FREQUENCY 1-10 RIG TEST 
12 - 
3 STPlPE 
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Figure  3 5 .  Compresoor Rotor Stage 3 Blade Campbell Diagram. 
0 = OaSERVZ;> FP2:i'XNCY 1-6 R I G  'TEST 
0 = OBSERVED FREQ(JF::ICY 1-10 R I G  TEST NOTE: RIG BLADE MATL. I S  T i  6-4 CORE BLADE MATL. WILL BE T i  8-1-1 
I 2:.3!l FLEX 17 W h W - 
ROTOR SPEED (KRPM) 
F i g u r e  36 .  Compressor Rotor S t a g e  4 B l a d e  Campbell Diagrnrn. 
0 = ORSSRVED FPZQUENCY 1-6 RIG TEST 
a = O E E R V L D  FREQUENCY 1-10 R I G  TEST 
ROTOR SPEED (KRPM) 
Figure 37. Compressor Rotor Stage 5 Blade Campbell Diagram. 
O OBSZ3VZD F?EQENCY 1-6 RIG TEST 
a = OBSERVED FRE:QUEIJCY 1-10 RIG TEST 
Figure 3 6 .  Compressor Rotor S t a g e  6 Blade Campbell  Diagram, 





1ST TOPS t~ 
u 
ROTOR SPEED (KRPM) 
Figure 39. Compressor Rotor Stage 7 Blade Campbell Diagram. 
,q- OBSERVED FFEQUENCY I - 1 O A  It I G  TES1' 
" 1ST TORS El 
r B 
R ~ O R  SPEED (KRPM) 
Figure 40.  Compressor Rotor Stage 8 Blade Campbell Diagram. 
a - OESERVED FREQUENCY I.-IOA R I G  TEST 
ROTOK SPEED (WPM) 
Figure 4 1 .  Compressor Rotor Stage 9 Blade  Campbell Diagram.  
a - OBSERVED FREQUENCY 1-10A R J G  TEST 
1ST TORS I- 1;1 rl 6 - '?2/Fim 
ROTOR SPEED (KRPM) 
F i g u r e  4 2 .  Compresaor Rotor S t a g e  10 Blade Campbell Diagram. 
FLEXURAL 
I N S T A B I L I T Y  
BOUNDARY 
INCIDENCE ANGLE 
Figure 4 3 .  Rotor B l a d e  S tages  1 Through 10 Flexural  S t a b i l i t y  P l o t ,  
TORSIONAL 
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I N C l U E N C E  ANGLE 
F i g u r e  4 4 ,  Rotor Lxlade S tages  1 Through 10 Torsiollal Stability Plot. 
Table  X I .  T e s t  Yeasured Blade S t r e , c s .  
I *s t rong  l / r e v s t i m u l u n  h o r n s t a g e 6  v-me v i t h  uiicambered t r a i l i n g  I 
S t  age 
* 
edge .  
.k* Core eng ine  b l a d e  r e d e s i g n e d  f r o n  low f l e x  t o  h i g h  f l e x  a i r f o i l  - 
more s t a l l  t o l e r a n t .  
X L i m i t s  
.- - ----- 
!-6 Rig FSC'I' 1-10 Rig  FSCT 
35 
2 1 100 
Table  XI I .  S t a t o r  Yechanica l  Design Goa l s .  
No Aeromechanical  I n s t a b i l i t i e s  
Compone?ts Capable o f  Growth Cycle 
Low V i b r a t o r y  S t r e s s e s  i n  Vsnes 
Ti tan ium F i r e  S a f e t y  
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3  0  
3  0
30 
45. Note t h a t  t h e  t i t a n i u m  f i r e  s a f e t y  g o a l  is  s a t i s f i e d  by t h e  s t e e l  vanes  
and s s s i n g s .  Rotor  rub  land  m a t e r i a l s  a r e  compa t ib l e  w i th  c u r r e n t ,  p roven  
e n g i n e  a p p l i c a t i o n s .  
The ae romechan ica l ,  p e r f o r n a n c e ,  and s t r u c t u r a l  c o n s i d e r a t i o n s  f o r  d e s i g n  
of t h e  vanes  a r e  l i s t e d  on Tab le  XIII. D i s c u s s i o n  of vane m a t e r i a l  s e l e c -  
t i o n s  i s  p r e s ~ n t e d  on Tab le  X I V .  A s  d i s c u s s e d  e a r l i e r  i n  t h e  aerodynamic 
s e c t i o n ,  t h e  c o r e  I G V ,  S 1 ,  and S6 a i r f o i l s  have been r e s t a g g e r e d  3.5"  t o  4.0' 
and recambered 5" t o  8" f rom t h e  1-6 r i g  d e s i g n .  S t a t o r  2 t h rough  5 a i r f o i l s  
have been changed from t h e  1-10 r i g  d e s i g n .  OGV a i r f o i l  d e s i g n  remains t h e  
same a s  t h a t  of s h e  1-10 r i g .  
Campbell d iagrams f o r  I G V  through S t a g e  1 0  (oGV) a r e  p r e s e n t e d  on F i g u r e s  
46  th rough  5 6 .  The 1-6 r i g  and 1-10 r i g  da t a  a r e  shown on t h e  d iagrams.  It  
can  be no ted  t h a t  t h e  t e s t  d a t a  c o r r e l a t e  w e l l  w i t t  t h e  a n a l y t i c a l  p r e d i c -  
t i o n s .  F l e x u r a l  and t o r s i o n a l  s t a b i l i t y  enve lopes  a r e  p l a t t e d  on F i g u r e s  57 
and 58 and f o r  S t a t o r s  1 through T O .  The enve lopes  f a l l  w e l l  w i t h i n  t h e  
s t a b l e  reg ime.  A i r f o i l  v i b r a t o r y  s t r e s s  r e s p o n s e s  d u r i n g  normal  o p e r a t i o n  and 
a t  peak s t a l l  a r e  t a b u l a t e d  i n  T a b l e  X V  a s  p e r c e n t  of scope  l i m i t s .  The low 
r e s p o n s e s  a r e  a t t r i b u t e d  t o  t h e  rugged d e s i g n  of t h e  vanes .  
Cas ing  t e m p e r a t u r e s  were r e c a r d e d  d u r i n g  t h e  1-10A r i g  t e s t .  R e s u l t s  
a r e  compared w i t h  t h e  a n a l y t i c a l  t e m p e r a t u r e s  on F i g u r e  59.  The c a s i n g  h e a t  
t r a n s f e r  model h a s  been upda ted  t o  r e f l e c t  t h e  t e s t  r e s u l t s .  
Compressor b l e e d s  a r e  summarized on F i g u r e  60 f o r  t h e  1-10 r i g  and t h e  
c o r e  (dashed l i n e s ) .  Zero t o  9% of  Rotor  5 t i p  d i s c h a r g e  a i r  is  e x t r a c t e d  
a f t  of S t a t o r  5 f o r  cus tomer  b l e e d ,  HP t u r b i n e  r c t o r  c a v i t y  purge,  and t h e  
a f t  c a s e  a c t i v e  c l e a r a n c e  c o n t r o l .  Zero t o  30% of  Ro to r  7 t i p  d i s c h a r g e ,  
e x t r a c t e d  a f t  of S t a i o r  1 ,  i s  u t i l i z e d  f o r  s t a r t  b l e e d  and HP t u r b i n e  n o z z l e  
c o o l i n g .  Zero t o  9% of  CDP a i r  is e x t r a c t e d  f o r  cus tomer  b l e e d ;  5.6% o f  d i f -  
f u s e r  d i s c h a r g e  a i r  i s  e x t r a c t e d  a t  t h e  t r a i l i n g  edge of t h e  s p l i t t e r  th rough 
h o l e s  i n  t h e  w a l l s  of t h e  d i f f u s e r  s t r u t s  and d u c t e d  i n b o a r d  f o r  HP t u r b i n e  
r o t o r  c o o l i n g .  
Compressor c l e a r a n c e s  were c a l c u l a t e d  c o n s i d e r i n g  t h e  e l emen t s  l i s t e d  on 
Tab le  X V I .  Bui ldup  and c r u i s e  c l e a r a n c e s  ( w i t h  a c t  i v e  c l e a r a n c e  cont  r o l l  f o r  
Aft  Case ,  M152 
Forward Case ,  M152 
/ Vespcl Bushings 
Wishbone, Inco  7 1 8  
I 
S7-OGV Vanes, 
Cast  Inco  718  
L i n e r s ,  17-4 PH 
IGV-S6 Vanes,  A286 
Rub Material Honeycomb Shrouds I n t e r s t a g e  S e a l s  
S t a g e s  1  - 4 ,  A1-Br-Nl-Cg H a s t e l l o y  X IGV and S1 ,  6061-7'6 Xnco 600 
S t a g e s  5 - 1 0 ,  Metco 443 
Ni - C g  
S2 - S 4 ,  17-4 PH 
S5  - S 6 ,  Inco 7 1 8  
F i g u r e  4 5 .  Conpressor S t a g e s  1  Through 1 0  Rig  M a t e r i a l s .  
Tab le  X I I I .  Vane Design C o n s i d e r a t  i o n s  
Pr imary  F l e x  and T o r s i o n  Modes Should Not Co inc ide  
With Blade P a s s l n g  S t i m u l i  i n  O p e r a t i n g  Range 
- 2 S t a g e s  Forward 
- 1 S t a g e  Af t  
Two S t r i p e  Mode (Chordwise Bending) 
- Out o f  O p e r a t i n g  Range 
S t a b i l i t y  ( F l e x  and T o r s i o n )  
Vane Leading Edge Covered by Bu t tons  
- P r e v e n t s  C r o s s  Flow Wi th in  Cascade  
M a t e r i a l  i o  Minimize T i  F i r e  R i sk  
High Boss 
Tab le  X I V .  Vane M a t e r i a l  . 
I G V  - S6 (A286) 
E l i m i n a t e s  T i t an ium "Fuel" i n  S t a t o r s  
C o r r o s i o n  and O x i d a t i o n  R e s i s t a n t  
P r o d u c t i o n  Engine Expe r i ence  (CF6-50 S t a g e  3 - OGV) 
S7 - OGV, D i f f u s e r  (Into 718) 
C a s t a b l e  
Weldable 
Good S t r e n g t h  a t  High Tempera ture  
C o r r o s i o n  and O x i d a t i o n  R e s i s t a n t  
KEY : 
1-6 R I G  DATA 
EI 1-10 R I G  DATA 
COMP, P H Y S I C A L  SPEED 
RPM x 1000 
F i g u r e  46 . I n l e t  Guide Vane 1 0 A  Rig Campbell Disgram. 
COMP, PHYSICAL SPEED 
RPM x 1000 
KEY: 
1-6 RIG DATA 
EI 1-10 R I G  DATA 
F i g u r e  4 7 .  Stage  1 Vane 1 0 A  Rig Campbell Diagram, 
COMP, PHYSICAL SPEED 
RPM x 1000 




1-6 R I G  DATA 
1-20 R I G  DATA 
1-6 R I G  DATA 
1-10 R I G  DATA 
COMP, P H Y S I C A L  SPEED 
RPM x 1000 
F i g u r e  49. S t a g e  3 Vane 1 0 A  R i g  C a n ~ p b e l l  Diagram.  
COMP. PHYSICAL SPEED 
RPY x 1009 
Figure 50 .  Stage 4 Vane 10A Rig Campbell Diagram 
1-6 R I G  DATA 









0 1-6 R I G  D A T A  
EJ 1-10 R I G  DATA 
COMP, P H Y S I C A L  S P E E D  
RPM x 1000 
Figure 51. Stage 5 Vane 1 0 A  Rig C a m p b e l l  Diagram 
COMP, PHYSICAL SPEED 
RPM x 1000 
1-6 R I G  DATA 
1-10 R I G  DATA 
F i g u r e  52. Stage 6 Vane 1 0 A  Rig  Campbell Diagram 
COMP , PHY S ICAL SPEED 
RPM x lOQO 
Figure 53. Stage 7 Vane 10A Rig Campbell Diagram 
COMP, PHYSICAL SPEED 
RPM x 1000 







0 2 4 6 8 10 12 14 
COMP, PHYSICAL SPEED 
RPM x 1000 
Figure 55.  Stage 9 Vane 10A Rig Campbell Diagram 
COMP , PHYS I CAL SPEED 
RpM K 1000 
Figure 56. Stage 10 Vane 10A Rig Campbell Diagram 
INC IDEl!CE ANGLE 
Figure 57. Compressor Stator Flexural Stability, Stages 1 Through 10. 
1 NC I DENCE AWGLE 
Figure 58. Compressor Stator Torsional Stability, Stages 1 Through 10. 
JKG~PJAL PRGE 1s 
OF POOR Q U A L ~  
3 Table XV. E 1OA Compressor Test Aeromechanical 
Summary, Sta to r  Vanes. 
Table X V I .  Elements of E~ Cwpressa r  Clearances. 
Axisymnetric Closures 
- Fl ight  Condition 
- Transient  Response 
A 
Beam Bending Deflect ions 
- Thrust 
- Gyro BB = I n l e t  Loads + Thrust + i ~ ~ r o 2  + ( ~ - h a d s ) 2  
- I n l e t  toads  
- G-Loads 




























Casing Di s to r t  ion i0va l i za t ion )  
- Munt  Reaction Loads 
Heximum Steady-State 













1F and 1T Not Excited 
System Vibrat ion 
- Steady S t a t e  
- HP 381 g/cm (150 g l i n . )  Unbalance 
- LP 1270 g f c m  (500 g l in , )  Unbalance 
a Manufacturing and Assembly Tolerances - RSS 
Rub A1 lowance 
- 0.013 cm (0.005 in.) 
a S t a l l  Allovance 




2 2,615 T ~ ~ ( * K )  = P25 (N/cM 1 = 
-73 2,181 ANALYSIS  
605 THE R A T I O S  ARE: - T3 (OK) = - PJ (N/cM*) - Fil,l59 TEST RESULTS I 
583 I 58,056 I 







- - - - - - - - - - - - - - - -  
-, HPTN 3 
COOL I NG 
Figure 60 .  Compressor 10.4 Rig Bleeds 
t h e  FPS engine  a r e  p l o t t e d  on F igure  61 and a r e  compared w i t h  t h e  53 e f f i -  
c i e n c y  o b j e c t i v e .  P r e d i c t e d  1-10.4 r i g  c l e a r a n c e s  a r e  p l o t t e d  on F igure  62 
and compared wi th  the  FPS c r u i s e  g o a l .  Also shovn on t h e  graph a r e  S tage  3, 
J ,  and 10 touch probe t e s t  r e s u l t & .  Discrepancies  between t h e  t e s t  and ana- 
l y t i c a l  r e s u l t s  a r e  a t t r i b u t e d  t o  s c s t t e r  i n  t h e  t e s t  d a t a .  
Data from G E 1 s  low speed resea rch  v e h i c l e  r e v e a l  t h a t  compressor p e r f o r -  
mance can be enhanced by g r i n d i n g  r e c e s s e s  i n  t h e  f lowpath over  t h e  r o t o r  
t i p s .  Th i s  f e a t u r e  is incorpora ted  i n  t h e  ~3 compressor cases .  
Casing f l a n g e  b o l t s  r e q u i r e d  t o  prevent  a x i a l  f l a n g e  s e p a r a t i o n  a t  two 
t imes  mexinnaa ICLS o p e r a t i n g  p r e s s u r e  a r e  sumaarized on Table X V I I .  
M a t e r i a l s  have been s e l e c t e d  f o r  t h e  v a r i a b l e  s t a t o r  vane bushings a s  
l i s t e d  on Table  X V I I I .  Two m a t e r i a l s ,  W i703 Resin)  and Fabroid XV,  a r e  
cand ida tes  f o r  I G V  through S tage  3 .  The Fabro id  XV has  t h e  p o t e n t i a l  of  
being extended t o  Stage 4, hence t h e  o v e r l a p  with t h e  high temperature  PBH-20 
carbon.  The o p e r a t i n g  c h a r a c t e r i s t i c s  of t h e s e  m a t e r i a l s  w i l l  be e v a l u a t e d  
dur ing  t h e  core  and ICLS t e s t s .  To d a t e ,  a l l  m a t e r i a l s  except  the  Stage 4 
Fabroid have been endurance t e s t e d .  The r e s t  parameters  and r e s u l t s  a r e  pre- 
sen ted  on Table X I X .  The ZX bushing with NR15C r e s i n ,  which was m n  only  a s  
a  daca  p o i n t ,  i s  t h e  on ly  bushing t h a t  f a i l e d  t h e  endurance t e s t .  
Resu l t s  of t h e  thermal and s t r e s s  ana lyses  of t h e  d i f f u s e r  a r e  p resen ted  
on F igures  63 and 64, r e s p e c t i v e l y .  These r e s u l t s  a r e  f o r  t h e  wozst t r a n s i e n t  
case  growth engine .  The d i f f u s e r  w i l l  meet l i f e  requirements as  d e f i n e d  pre- 
v ious ly .  
Figure  65 p r e s e n t s  a t y p i c a l  t o r s i o n  bar  a c t u a t i o n  system which is s i m i -  
l a r  t o  t h a t  designed f o r  t h e  ICLS engine .  The ICLS system and f e a t u r e s  a r e  
d i scussed  i n  Table XX. 
0 FPS BUILD UP 
o FPS CRUISE 
A ~3 EFFICIENCY OBJECTIVE 
STAGE 
Figure 61. Compressor Clearances 
E~ R I G  DESIGN POINT 
l O O X  Nc @ T25 = 220 K (-63'~) o GOAL - FPS CRUISE 
A POST TEST ANALYTICAL CALCULATION 
Q TOUCII PROaE REA9INGS 
STAGE 
3 Figure 6 2 .  E 10A Compressor Clearances 
ORIGINAL PAGE i3 
OF WOR QUALm 
Table XdLI. Compressor Casing Bol t ing .  
C r i t e r i a  2 x Maximum ICLS Operat ing Pressure  
Front  Casing: 60  - C . 5 3  cm (318 i n . )  Diameter B o l t s  
Aft  Casing: 3 2  - 0 . 9 5 3  cm ( 3 / 8  i n . )  Diameter B o l t s  
Mznifold Casing: 2S - 0.953 c m  (3/8 in') Diameter B o l t s  
Table  XVIII . z3 VSV Bushing Material S e l e c t i o n .  
ZX: A f reo-s tznd ing  TFE-glass/polyimide c m p o s  i t e  . A 1  -02--am t h i c k  
bushing s t r u c t u r e  c o n s i s t i n g  o f  a  layer of g l a s s  sandwiched 
b e t w e n  two l a y e r s  o t  f a b r i c  composite us ing  703 r e s i n .  
Fabroid : A 0.38-ann t h i c k  ZTE-glass fabr ic /po ly imide  composite Lined 
with a 0.64 nun metal  (bushing OD) j a c k e t  ( 1 7 4  PHI. 
Hhximw Opera t ing  Temperatu-es ( I;) 
PFH-20: l lechanical  carbon bushing with carbon compressivefy pre-  
s t r e s s e d  i n t o  a  0 .51  mm t h i c k  metal  s l e e v e  (17-4 PHI .  






I FPS Growth 
St  age fIDTO 
2 489 












































Test :  0.2 x lo6 Cycles ae HDTO condi t ion8 * Failed a t  (0 .2  + 1.946) x 10 Cycles 
6 2 . 3  x 10 Cyclea a t  c r u i a e  condi t ions 









































Total Wear (mm) 









0 . 1 2 7  
0.203 
(HDTO Transient Case - Growth Engine) 
Temperature K 
Figure 63. iore Diffuser Temperature Distribution. 
(HDTO Transient Case - Growth Engine) 
~km2 x log3 
Figure 64. Core Diffuser Stress Distribution. 
Figure 65.  Typical  Torsion Bar Actuatlotl Syetem. 
Table  XX. VSV A c t u a t i o n  System - Tors ion  Bar. 
Advant a= 
P e r m i t s  A d a p t a b i l i t y  i n  S t a t o r  Schedu l ing  and S t a g e  t o  S tage  
V a r i a t  i on  
R ig id  
Minimizes Side Loads i n  Unison Ring a t  t h e  C l e v i s  Po in t  
Feedback System 
L i n e a r  V a r i a b l e  Phase  Transduce r  (LVPT) - E l e c t r i c a l  
Feedback Cab le  C o n t r o l  - Mechanical  
A c t u a t o r  
CF6-50 
Desien Coals  
Design f o r  28' Band ( F l e x i b i l i t y  f o r  S t a t o r  Schedule  Changes by 
Simple Hardvare  M o d i f i c a t i o n s )  
1 .  Wis l e r ,  D.C., Koch, C.C., and Smi th ,  L.H., J r . ,  "P re l imina ry  Design Study 
of Advanced Mult i s  t a g e  Ax ia l  Flow Core C m p r e s s o r s  , I '  NASA CR-135133, 
R77AEG272, Feb rua ry  1977. 
2 .  "Energy E f f i c i e n t  Engine ,  P r e l i m i n a r y  Design and I n t e g r a t i o n  S t u d i e s ,  
F i n a l  Repor t , "  Advanced Eng inee r ing  and Technology Programs Department 
o f  Gene ra l  E l e c t r i c ,  NASA CR-135444, R78AEG510, September 1978.  
3. W i s l e r ,  D . C . ,  "Core Compressor E x i t  S t a g e  S tudy ,  Volume 1 - Blading  
Design," NASA CR-135391, R77AEG400, December 1977.  
4.  Wisler, D.C . ,  "Core Campressor E x i t  S t a g e  S tudy ,  Volume 111 - Data and 
Performance Report  f o r  S c r e e n i n g  T e s t  C o n f i g u r a t i o n s , "  NASA CR-159499, 
November 1980. 
5 .  Koch, C.C. and Smith ,  L .H. ,  J r . ,  "Loss Sources  and Magnitudes i n  Axia l  
Flow Campressors ,"  T r a n s a c t i o n s  o f  ASMF,, J o u r n a l  of Eng inee r ing  f o r  
Power, Volume 9 8 ,  S e r i e s  A ,  No. 3 ,  J u l y  1976,  p. 411. 
6 .  Dunavant, James C . ,  "Cascade I n v e s t i g a t i o n  o f  a R e l a t e d  S e r i e s  of 6 -  
Percen t  Thick Guide-Vanes P r o f i l e s  and Design C h a r t s , "  NACk T e c h n i c a l  
Note 3959, May 1957. 
The nomencla ture  of Tab le s  X X I  and X X I I  is  l i s t e d  below. Tab le  X X I  pre-  
s e n t s  a i r f o i l - g e o m e t r y  d a t a  f o r  t h e  o r i g i n a l - d e s i g n  b l a d i n g ;  d a t a  i n  SI u n i t s  
( evennumbered  pages )  a r e  fo l lowed by t h e  co r re spond ing  d a t a  i n  E n g l i s h  u n i t s  
on t h e  f a c i n g  (odd numbered) pages.  Table  X X I L  p r e s e n t s  f i n a l - d e s i g n ,  a i r -  
fo i l -geometry  d a t a  i n  SI u n i t s  w i t h  t h e  co r re spond ing  d a t a  i n  E n g l i s h  u n i t s  
i n  p a r e n t h e s e s  on t h e  same page. 
NOMENCLATURE FOR TABLES XXI  AND XXI I  
Heading I d e n t  i f  i c a t  i o n  U n i t s  
Gene ra l  
SL S t r e a m l i n e  Number -- 
2 IMn Percen t  Immersion from O u t e r  Wall 2 
RADIUS S t r e a m l i n e  Radius  c m  ( i n .  ) 
Z Axia l  Dimens ion c m  ( i n .  
X-BAR Average S t r e a m l i n e  Radius Based on S t r e a m l i n e  R a d i i  
a t  Blade Edges cm ( i n .  
SECT. HT. Height  o f  P l ane  S e c t i o n s  from Compressor C e n t e r l i n e  cm ( i n .  
Angles and 
Mach Numbers 
BETA R e l a t i v e  F l o v  Angle, A r c t a n  -Wu/Cz 
ALPHA Absolu te  Flow Angle, Arc t an  Cu/Cz 
PHI Mer id iona l  Flow Angle 
M-REL R e l a t i v e  Mach Number 
M-ABS Abso lu t e  Mach Number 
V e l o c i t i e s  
F lu  i d  
P r o p e r t i e s  
Blade Speed 
A x i a l  V e l o c i t y  
PTIPTI S t r e a m l i n e  Abso lu t e  T o t a l  Pressure /Compressor  I n l e t  -- 
Average Absoluce T o t a l  P r e s s u r e  
Heading Ident  i f  i c a t  ion 
TT /TTI S t reaml ine  Absolute T o t a l  Temperature/Compressor 
I n l e t  Average Absolute T o t a l  Temperature 
Aerodynamic Blade 
Parameters 
SOL S c l i d i t y ,  Local Blade Chord/Local Blade Spacing 
DF D i f f u s i o n  Factor  




CUM EFF Cumulative Adiaba t i c  E f f i c i e n c y  Referenced to 
PTI ,TTI 
DEV 
Plane Sect  ion 
Parame t c r s  
I NC Incidence Angle, d i f f e r e n c e  between flow ang le  
and camber l i n e  ang le  a t  l ead ing  edge i n  cascade 
p r o j e c t  i o n  
Deviat ion Angle, d i f f e r e n c e  between flow ang le  
and camber l i n e  angle  a t  t r a i l i n g  edge i n  cascade 
p r o j e c t  F s i c  
CHORD Length of s t r a i g h t  l i n e  connect ing i n t e r s e c t  ion  
p o i n t s  of camber Line and blade l ead ing  and t r a i l i n g  




I d e n t i f i c a t i o n  Units 
-
Camber Angle, d i f f e r e n c e  between ang les  of t angen ts  
t o  camber l i n e  a t  extremes of camber l i n e  a r c  i n  
plane s e c t i o n  normal t o  s t a c k i n g  a x i s  deg 
Blade Chord Angle, ang le  i n  plane s e c t i o n  normai 
t o  s t a c k i n g  a x i s  between blade chord and a x i a l  
d i r e c t  iori df% 
Leading Edge Metal Angle, ang le  between tangent t o  
camber l i n e  and a x i a l  d i r e c t i o n  a t  t h e  l ead ing  edge 
i n  a  p lane s e c t i o n  normal t o  s t a c k i n g  a x i s  de13 
T r a i l i n g  Edge Metal Angle, ang le  betveen tangent  
to c a ~ b e r  l i n e  and a x i a l  d i r e c t i o n  a t  t h e  t r a i l i n g  
edge i n  a plane s e c t i o n  n o r m 1  t o  s t a c k i n g  a x i s  de13 
Maximum Thickness/Chord R a t i o  i n  a  plane s e c t i o n  
normal t o  s t ack ing  a x i s  -- 
Location of Maximum Thickness i n  Percent  of Chord, 
in a  plane s e c t i o n  normal t o  blade s t a c k i n g  a x i s  - 
T r a i l i n g  Edge Thickness/Chord Ra t io  i n  a plane 
s e c t i o n  normal t o  blade s t a c k i n g  a x i s  
Table XXI. Vector Diagram and Airfoil Geometry Data for Original-Design Blading. (SI 
EEE CORE COMPRESSOR I G V  - 37 VANES 
M - ABS CZ 
0 5 5 2  181.0 
0 5 5 5  180.9 
0 551 (79.4 
0 5 4 4  177.1 
0.535 174.1 
0 5 2 4  1 7 1 0  
0.514 168.0 
0 5 0 2  164.7 
0 485 160. I 
0 458 152.1 
0 410 137.3 
0.372 125.3 
ALPHA P H I  
0. -6.22 
0. -8.75 
0. 9 .  1'7 




0. -8 81 
0. -8.11 




I N L E T  


























ALPHA P H I  
15.00 -6.00 
14.55 -6.79 
14.06 -6 70. 
13.36 -6 60 
12.63 -6. 13 
11.88 -5.56 
11.03 -4.69 
t0.03 - 3  52 
8.79 , 1 9 4  
7. 14 0.34 
4.38 4 .C9 
2.00 6 33 
I GV 

















































































Table XXI. Vector Diagram and Airfoil Geometry Data for Original-Deeign Blading (Continued). (SI Units) 
ELE CORE COMPRESSOR ROTOR 1 - 28 BLADES 
M-ABS M-REC 
0 . 5 7 8  1 . 3 5 3  
0 . 6 0 0  1 . 3 2 6  
0 . 6 1 7  I .  304 
0 . 6 3 1  1 .  2 7 0  
0 . 6 3 6  1 . 2 3 3  
0 . 6 3 6  I .  191 
0 . 6 2 9  1 , 1 4 5  
0 . 6 1 3  1 . 0 9 1  
0 . 5 8 6  ' . 0 2 7  
0 . 5 4 7  0 . 9 5 2  
0 . 4 8 5  0 . 8 5 7  
0 . 4 4 8  0 . 8 0 4  
BCTA 
6 5 . 7 6  
6 6 . 2 0  
0 2 . 7 7  
6 1 .  16 
5 9 . 7 6  
5 8 . 4 5  
5 7 . 2 8  
5 6  3 0  
5 5  64 
5 5 . 3 4  
5 6 .  1 7  
57 .oa 
PHI 
- 8  19 
.-7 17 
- 7 . 1 2  
- 6 .  (5 
- 4 . 9 6  
- 3  48 
- 1  71  
0 . 3 1  
2 . 5 8  
5 . 3 9  
1 0 . 2 0  




RAO I US 
3 4 . 3 7 9  
3 3 . 3 3 2  
3 2 . 3 6 7  
3 1 . 1 0 6  
2 9 . 8 3 5  
2 8 . 5 3 8  
2 7 . 2 0 5  
2 5 . 8 2 6  
2 4 . 3 9 1  
2 2 . 8 7 4  
2 1 . 2 ? ?  
2 0 . 3 4 7  
M-ABS M-REL U C  Z BET A 
0 . 6 6 3  0 . 7 6 7  4 4 2 . 9  1 3 1 . 3  6 1 . 6 5  
0 . 6 7 3  0 . 8 0 7  4 2 9 . 4  1 5 4 . 2  5 8 2 2  
0 . 6 7 7  0 . 8 1 1  4 1 7 . 0  1 5 9 . 3  56  28 
0 . 6 8 4  0 . 7 8 8  4 0 0 . 7  1 6 4 .  I 5 3 . 7 9  
0 . 6 9 4  0 . 7 5 6  3 8 4 . 4  1 6 7 5  5 0 . 9 9  
0 . 7 0 5  0 . 7 2 1  3 6 7 . 7  1 7 0 . 5  4 7 . 7 6  
0 . 7 1 8  0 6H7 3 5 0 . 5  1 7 3 . 4  4 4 . 0 2  
0 . 7 3 2  0 . 6 5 2  3 3 2 . 7  1 7 6 . 2  3 9 6 2  
0 . 7 5 0  0 . 6 2 0  3 1 4 . 2  1 7 9 . 0  34 34 
0 . 7 7 4  0 . 5 8 8  2 9 4 . 7  181 .  2 2 7  54 
0 . 8 0 9  0 . 5 6 1  2 7 3 . 5  182.9  18. 19 
0 . 8 3 5  0 . 5 5 4  2 6 2 . 1  1 8 4 . 2  11 90 
PHI 
- 8 .  19 
- 7 . 6 9  
- 6  5 1  
- 4 . 8 0  
- 3 . 0 7  
- 1 . 2 8  
0 . 7 1  
3 . 0 2  
5  85 
9 .  30 
13 .4  1 
1 5 . 3 9  
ROTOR 
1  






ROTOR 5  
1  6  




1  I 
12 
R-BAR 
3 4 .  725 
3 3 . 6 9 5  
3 2 . 7 0 9  
3 1 . 3 9 9  
3 0 . 0 6 3  
2 8 . 6 8 5  
2 7 . 2 4 9  
2 5 . 7 3 5  
2 4 .  I 1 2  
2 2 . 3 2 8  
2 0 . 2 6 9  
1 9 . 0 6 9  
SOL 
f , 3 1 9 5  
I .  3598 
1 .4008  
1 . 4 5 9 3  
1 . 8 2 4 1  
1 . 5 9 7 4  
1 . 6 8 1 5  
1 . 7 8 0 5  
1 .9003  
2 . 0 5 2 1  
2 . 2 6 0 6  
2 . 4 0 2 9  
CUM CFF 
0 . 6 9 2 5  
0.7950 
0 . 8 6 3 6  
0 . 9 0 5 3  
0 . 9 2 5 0  
0 . 9 3 7 8  
0 . 9 4 7 0  
0 . 9 5 3 1  
0 . 9 5 5 0  
0 . 9 4 4 0  
0 . 9 1 4 1  
0 . 8 9 1  1 
S E C T .  HT 
3 4 . 7 2 5  
3 3 . 6 9 5  
3 2 . 7 0 9  
3 1 . 3 9 9  
3 0 . 0 6 3  
2 8 . 6 8 5  
2 7 . 2 4 9  
2 5 . 7 3 5  
2 4 . 1 1 2  
2 2 . 3 2 8  
20.269 
1 9 . 0 6 9  
CHORD 
1 0 . 2 7 6 1  
1 0 . 2 5 9 8  
10 .2577  
1 0 . 2 6 2 3  
1 0 . 2 5 0 6  
1 0 . 2 6 0 8  
$ 0 . 2 6 0 5  
10 .2602  
10 .2587  
1 0 . 2 5 7 3  
10.1732 
10 .1062  
CAMBER 
9 . 6 6  
7 .  17 
4 . 6 7  
4 . 4 2  
5 . 9 4  
8 . 3 8  
1 2 . 0 8  
1 7 . 2 2  
2 4 . 6 7  
3 5 . 8 8  
53.24 
6 5 . 2 0  
STAGGER 
6 2 . 7 1  
6 3 . 8 5  
5 9 . 0 1  
5 6 . 4 0  
5 3 . 6 8  
5 0 . 7 3  
4 7 . 3 8  
4 3 . 4 9  
3 8 . 8 6  
3 3 . 5 8  
2 7 .  1d 
2 3 . 2 2  
BETA 1  
6 3 . 3 8  
6 1 . 5 4  
5 9 . 8 2  
5 7 . 9 5  
5 6 . 4 2  
5 5 . 0 4  
5 3 . 8 5  
5 2 . 8 7  
5 2 . 0 6  
5 1  54 
5 1 . 7 0  





Table XXI. Vec tor  Diagram and Airfoil Geometry Data f o r  Or ig ina l -Des ign  B lad ing  (Cont inued) .  (SI U n i t e )  
EEE CORE COMF 'RESSOR STATOR 1 - 5 0  VANES 
( '2  
129 .  7  
1 5 3 . 6  
1 6 4 . 9  
1 7 2 . 2  
1 7 6 . 8  
1 8 0 . 7  
1 8 4 . 5  
188 .  1 
1 9 1 . 7  
1 9 4 . 4  
1 9 5 . 8  
1 9 6 . 0  
C2 
1 5 0 . 5  
1 5 9 . 3  
1 6 5 . 7  
1 7 1 . 8  
1 7 6 . 3  
1 8 0 . 1  
1 8 3 . 5  
1 8 6 .  1 
1 8 8 . 1  
1 8 8 . 4  
185.1 
1 8 0 . 3  
I NC 
1 . 3 5  
0 .  15 
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 . 2 0  
0 . 5 0  
1  . 7 0  
2 . 6 0  
TM/C 
0 .  1128 
0 .  1070 
0 .  1014 
0 . 0 9 4 5  
0 . 0 8 8 1  
0 . 0 0 1 0  
0 0 7 5 9  
0 . 0 7 0 2  
0 . 0 6 5 6  
0 . 0 6 2 5  
0 . 0 6 0 6  
0 . 0 5 9 9  
RADIUS 
3 4 .  103 
3 3 . 0 6 7  
3 2 .  133 
3 0 . 9 2 5  
2 9 . 7 1 2  
2 8 . 4 7 5  
2 7 . 2 0 4  
2 5 . 8 8 8  
2 4 . 5 1 4  
2 3 . 0 6  1  
21.41J9 
2 0 . 6 4  1 
RADIUS 
3 3 . 8 0 4  
3 2 . 9 1 7  
3 2 . 0 7 1  
3 0 . 9 6 5  
2 9 . 8 5 7  
2 8 . 7 3 4  
2 7 . 5 8 7  
2 6 . 4 0 5  
2 5 .  174 
2 3 . 0 7 5  
2 2 . 4 6 4  
2 1 . 6 9 3  
R-BAR 
3 3 . 9 5 3  
3 2 . 9 9 2  
3 2 .  102 
3 0 . 9 4 5  
2 9 . 7 8 5  
2 8 . 6 0 5  
2 7 . 3 9 6  
2 6 .  146 
2 4 . 8 4 4  
2 3 . 4 6 8  
21  9 1 7  
2 1 .  16'1 
CHORO 
4 . 7 1 9 9  
4 . 7 1 6 3  
4 . 7 1 9 8  
4 . 7 1 6 6  
4 . 7 0 8 1  
4.67FIE 
4 . 6 3 6 0  
4  .ST07 
4 . 4 8 5 4  
4 . 3 7 9 4  
4 . 2 4 7 0  
4 .  1712 
M -  ABS 
0 . 6 6 1  
0 . 6 7 7  
0 . 6 8 8  
0 . 7 0 1  
0 . 7  13 
0 . 7 2 7  
0 . 7 4 2  
0 . 7 5 9  
0 .  t 7 8  
0 . 8 0 2  
0 . 8 3 3  
0 . 8 5 5  
A L P H A  
5 7 . 0 8  
5 0 . 4 4  
4 7 . 3 2  
4 5 . 7 5  
4 5 . 1 2  
44 8 3  
44 6 6  
4 4 . 6 9  
4 4 . 8 6  
4 5 . 5 6  
4 7 .  13 
4 8 . 3 2  
AL Pl4A 
2 4 . 9 0  
1 0 . 9 6  
1 7 .  12 
1 5 . 4 5  
1 4 . 8 0  
1 4 .  16 
1 3 . 5 1  
1 2 . 9 2  
1 2 . 4 7  




1 2 . 2 6  
9 . 6 7  
7 . 6 2  
6 . 0 8  
5 . 7 3  
5 . 3 7  
5 . 0 0  
4 . 7 6  
4 . 5 4  
5 . 2 3  
7 . 0 5  
8 . 2 9  
%C TM 
5 0 . 0 0  
5 0 . 0 0  
5 0 . 0 0  
5 0 . 0 0  
5 0 . 0 0  
9 0 . 0 0  
4 9 . 9 9  
5 0 .  $ 5  
5 1 . 8 0  
5 5 . 5 7  
6 1 . 3 2  
6 4 . 9 0  




0 . 4 5 0  
0 . 4 6 5  
0 . 4 7 9  
0 . 4 9 5  
0 . 5 0 7  
0 . 5 1 8  
0 . 5 2 8  
0 . 5 3 5  
0 . 5 4 2  
0 . 5 4 5  
0 541 




SL X IMM 
1  0 .  
2  7 . 5  
3  1 4 . 5  
4  2 3 . 5  
5  3 2 . 6  
6  4 1 . 8  
7  5 1 . 3  
8  6 1 . 1  
9 7 1 . 2  
10 8 2 . 0  
11 9 3 . 7  
12 t 0 0 . 0  
SOL 
1 .  1062 
1 .  1375 
1 .  1700 
1 . 2 1 3 0  
1 .  2 5 7 9  
1 . 3 0 1 8  
1  , 3 4 6 6  
1 . 3 9 1 1  
1 . 4 3 6 6  
1 . 4 8 5 0  
1 . 5 3 7 9  
1 . 5 6 8 2  
LOSS 
0 . 0 9 3 0  
0 . 0 8 2 4  
0 0 7 3 0  
0 . 0 6 4 9  
0 . 0 6 2 6  
0 . 0 6 1 7  
0 . 0 6 1 1  
0 . 0 6 2 0  
0 0 6 3 3  
0 . 0 7 0 3  
0 . 0 8 8 1  
0. 1000 
CUM F F F  
0 . 6 5 8 7  
0 . 7 8 0 0  
0 . 8 2 9 1  
0 . 8 7 2 5  
0 . 8 9 1 7  
0 . 9 0 3 3  
0 . 9 1 2 0  
0 . 9 1 5 7  
0 . 9 1 5 4  
0 8 9 9 3  
0 . 8 5 6 5  




SECT. HT .  
3 3 . 9 5 3  
3 2 . 9 9 2  
3 2 .  102 
3 0 . 9 4 5  
2 9 . 7 8 5  
2 8 . 6 0 5  
2 7 . 3 9 6  
26. t46  
2 4 . 8 4 4  
2 3 . 4 6 8  
2 1 . 9 7 7  
2 1 .  167 
CAMBER 
4 G . 5 1  
3 8 . 9 0  
3 7 . 6 0  
3 6 . 3 8  
3 6 . 0 5  
3 5 . 9 9  
3 6 . 0 7  
3 6 . 3 0  
3 6 . 6 1  
3 6 . 9 6  
3 6 . 4 8  
3 5 . 7 7  
STAGGER 
3 3 . 5 4  
2 9 . 6 5  
2 7 . 7 9  
26  9 3  
2 6 . 4 7  
2 6 .  1- 
2 5 . 9 7  
2 6 .  90 
2 6 . 2 9  
2 6 . 5 5  
2 7 . 4 5  





Table  XXI. Vector Diagram and A i r f o i l  Geometry Data for Original-Design Blading (continued). (SI u n i t s )  












1 1  
12 













M-ABS M - R E L  U C Z  BETA PI4 I 
0.495 1.082 432.7 167.2 65.17 - 4 5 2  
0.506 1.108 422.3 173.7 64.43 -3.85 
0.520 1 .  116 412. ! 179.8 63.47 -2.84 
0.536 1.106 398.8 186.2 62.04 ! 23 
0.548 1.085 385.3 190.6 60.63 0 52 
0.558 1.062 371.6 194.2 59.25 2.38 
0.56'1 1 038 357.6 197.2 57.86 4.38 
0.573 1011 343. 1 199.5 56 47 6.54 
0.577 0.980 327.9 200.0 55. 13 9.04 
0.572 0 937 311.7 197.4 53.86 11.76 
0.556 0.872 294.2 190.5 52 48 14.21 








































M - R E L  U C Z B E T A  PH I 
0.645 429.2 120.9 61.40 - 4 5 2  
0.695 418.6 144.2 57.49 -4.12 
0.7 14 409.2 155.5 55.36 -2 83 
0.711 397.3 163 .O 50.02 -0 94 
0.692 385.5 166.7 50.65 0.94 
0.672 373.6 170.7 47.95 2 '18 
0.655 361.7 175.3 4 4 . 9 3  4.66 
0 637 349.7 180.0 4 1 . 5 0  6 57 
0.6?1 337.4 184.9 3 7 5 8  0.48 
0.596 324.8 187.6 32.74 10.49 
0.556 311.5 186 2 25.92 12.92 































































































































ROTOR 5  
3  6 












3  6  




. l l  
12 





R 0  lOR 5 
3  6  












'/ . 6 
1 4 . 8  
2 4 . 3  
3 3 . 7  
4 3 . 2  
F;? 7  
6 2 . 5  
7 2 . 5  
8 2  9  
9 4 . 1  
100.0 
X IMM 
0 .  
8 . 7  
1 6 . 4  
2 5  9  
3 5 . 3  
4 4 . 7  
5 4 . 2  
6 3 . 7  
7 3 . 4  
8 3 . 3  
9 4  . O  
1 0 0 . 0  
X IMM 
0. 
8 . 1  
1 5 . 6  
2 5 .  1  
3 4 . 4  
4 3 . 9  
5 3 . 4  
6 3 .  1 
7 2 . 9  
8 3 .  1 
9 4 . 0  
loo. 0 
SECT. HT 
3 2 . 7  17 
3 2 .  103 
3 1 . 5 4 0  
3 0 . 8 2 2  
3 0 .  112 
2 9 . 3 9 8  
2 8 . 6 7 7  
2 7 . 9 4 6  
2 7 . 2 0 2  
2 6 . 4 3 2  
2 5 . 6 0 5  
2 5 .  155 
.- 
RADlUS 
3 2 . 8 3 3  
3 2 . 2 2 5  
3 1 . 6 4 2  
3 0  884 
3 0 .  129 
2 9 . 3 6 9  
2 8 . 5 9 8  
2 7 . 8  15 
2 7 . 0 1 1  
2 6 ,  174 
2 5 . 2 8 1  
2 4 . 8 0 5  
RAO I US 
3 2 . 6 0 1  
3 1 . 9 8 1  
3 1 . 4 3 8  
3 0 . 7 6 0  
3 0 . 0 9 5  
2 9 . 4 1 7  
28.759 
2 8 . 0 7 8  
2 7 . 3 9 3  
2 6 . 6 8 9  
2 5 . 9 3 0  
2 5 . 5 0 5  
R  -BAR 
3 2 . 7 1 7  
32 103 
31.54C' 
3 0 . 8 2 2  
3 0 . 1 1 2  
2 9 . 3 9 8  
2 8 . 6 7 7  
2 7 . 9 4 6  
27 202  
2 6 . 4 3 2  
2 5 . 6 0 5  
2 5 .  155 
CHORD 
5 . 2 2 3 3  
5 . 2 0 4 4  
5 .  1793 
5 .  1461 
5 .  1144 
5 . 0 8 1 7  
5 . 0 4 9 0  
5 . 0 1 5 8  
4 . 9 8 2 0  
4 . 9 4 7 2  
4 . 8 6 3 7  
4 . 7 8 2 !  
2 
2 6 .  8 8 6  
2 6 .  844 
2 6 . 8 0 1  
2 6 . 7 4 3  
2 6 . 6 9 3  
2 6 . 6 5  1 
2 6 . 6 1 2  
2 6 . 5 7 4  
2 6 . 5 2 3  
2 6 . 4 6 0  
2 6 . 3 9 9  
2 6 . 3 8 0  
z 
2 9 . 6 2 9  
2 9 . 6 5 4  
29 .7CC 
2 9 . 7 6 9  
2 9 . 8 3 4  
2 9 . 9 0 3  
29.975 
3 0 . 0 5 1  
3 0 .  134 
3 0 . 2 3 2  
3 0  3 2 9  
3 0 . 3 7 2  
SOL 
1 . 2 7 2 6  
1 . 2 9 0 1  
1 . 3 0 6 6  
1 . 3 2 8 7  
1 . 3 5 1 5  
1 . 3 7 5 6  
1 . 4 0 1 2  
t , 4 2 8 4  
1 . 4 5 7 7  
1 . 4 8 9 6  
1 . 5 2 6  1 
1 . 5 4 7 0  
CAMDCR 
2 0 . 1 8  
13 8 8  
1 0 . 2 2  
1 1 . 0 2  
1 1 . 7 3  
1 2 . 6 5  
1 4 . 1 1  
1 6 .  10 
1 9 . 0 8  
2 4 . 4 4  
3 4 . 2 4  
4 0 . 6 7  
I E C  CORE COMf 
PT/PT I 
2  5 9 5 9  
2  6 0 8  1 
2  6.04 
2  6 3 3 7  
2  6 4 3 3  
2  6 5 2 0  
2  66'37 
2  B'J 76 
2 6 7 3 9  
2  1,746 
2  5657  
2 6 5 t 0  
PT /P l  l 
3  9 3 0 1  
3  9334  
3  9 4 2 7  
3  9 9 5 1  
3  9fi77 
3 9 8 0 1  
3 9928 
4  0 0 5 0  
4  0 1 7 5  
4  0 0 0 0  
4  0 4 2 4  
4  0 4 8 7  
OF 
0 5 1 4 2  
0 46bd 
0 4384 
0 4 2 8 1  
0 4344 
0 4 4 1 6  
0 4494 
0 4564 
0 4625  
0 4814 
0 5 3 0 2  
0 5766  
STAGGER 
5 8  46  
5 7  53 
56 2 6  
54 3 0  
5 2  38 
5 0  4 6  
4 8  44 
46  2 5  
4 3  7 0  
4 0  54 
76  13 
33  35 
T T / l l I  
I 4272 
1 3894 
1 . 3 6 9 0  
1 3576  
; 3536 
1 3528  
1  3534 
1 . 7 5 7  1 
1  3532  
1 .  3756 
1 _ ' 975  
1 . 4 1 3 5  
TT/T71 
I .  6 2 2 8  
1 5 7 6 1  
1 5 5 0 1  
1 5348  
1 5 2 9 2  
1 . 5 2 7 7  
i ,5283 
1  5 3 2 5  
1 5 3 9 5  
! .55C,1  
1 5 8 3 6  
1 .  6042  
L 0 5 s  
0 . 0 8 8 6  
0 0 7 3 8  
0 . 0 6 2 6  
0 0 5 5 0  
0 . 0 5 2 3  
0 . 0 5 0 7  
0 . 0 5 1 8  
0 . 0 5 3 3  
0 0 5 3 9  
0 . 0 6 0 6  
0 0 7 4 7  
0 . 0 0 5 8  
RETA l 
63 46  
6 2  1 1  
6 1  00 
59 6 7  
5 8  4 1  
5 7 .  14 
5 5  8 3  
5 4 . 5 3  
5 3  2 8  
5 2 .  14 
5 1  . O 1  
5 0 . 3 0  




0 473  
0 485  
0 498 
0 5 0 0  
0 5 1 8  
0 5 2 7  
0 5 3 5  
0 5 4 1  
0 5 4 1  
0 5 3 7  
0 5 2 1  
M Ai3S 
0 598  
0 604 
0 6 0 8  
0 614 
0 6 2 2  
0 6 3 3  
0 646 
0  660 
0 6 7 7  
0 6 9 7  
0 722 
0 735  
CUM EFF 
0 7544 
0 8164  
0 8569  
0 8837  
0 9956 
0 9 0 2 8  
0 9 0 7 3  
0 9 0 9 0  
u 9 0 8 6  
0 89711 
0 8 7 t 2  
0 8 5 2 7  
RETA2* 
4 3  28  
4 8  24 
3 0  we 
4 8  65 
46  6 8  
44 4 9  
4 1  7 2  
38  4 3  
34 19 
27 7 0  
16 77 
9 6 3  
M-REL 
0 9 5 9  
0 9 9 3  
1 0 1 5  
1 0 1 9  
1 004  
O 9 8 6  
0 9 0 R  
0 9 4 8  
0 924 
0 8 8 5  
0 8 1 9  
0 174 
M  RFL 
0 5 7 1  
0 6 2 9  
0 6 6 5  
0 6 7 6  
D 6G2 
0 6 4 6  
0 S31 
0 6 1 6  
0 600 
0 5 6 8  





2  10 
2 50  
3  10 
2  9 0  
3 1 0  
3  3 0  
3  5 0  
3 5 0  
3 3 0  
1 0 0  
1 M/C 
0 0165 
0 0 3 9 9  
0 03-8 
O 0 4 9 7  
0 0 5 7 0  
0 0 5 8 1  
0 C579 
0 31379 
0 0 5 9 2  
0 0634  
0 0 7 4 9  
0 0 8 7 5  
laole M A .  vector Diagram and Airfoil Geometry Data for Orlglnnl-Design Blading (Continued).  (SI Units) 
F E E  CORE COMP 
RADIUS 
3 3  171 
3 2  397 




28 2 1 1  
27  3 t r  
36 '990 
23 4 q l  
2 4  4 4 3  
33  902  
RADIUS 
32 9 7 1  
32  311  
3 1  691 
30 8 8 7  
3 0  0 8 9  
2 9  286  
28 474  
27 6 5 2  
2 6  8 1 6  
25 951 
25 0 3 2  
24 5 7 6  
R BAR 
33  0 7  I 
32  354 
3 t  6 9 9  
3 0  8 6 0  
3 0  0 2 7  
2 9  189 
28  342 
27 483  
26 6 0 7  
25 7 0 1  
24 737 
24  219  
CHORD 
3 8051 
3 7 2 2 R  
3 6 4 7 7  
3 5507  
3 4548  
3 3693  
3 3155  
3 2987 
3 2999  
3 3009  
3 3007  
3 3008  
M ABS 
0 6 1 4  
0 6 3 7  
( 3  6 4 7  
B 659 
O 6 7 2  
0 6 8 5  
O 699 
0 714 
0 7 3 1  




5 8  25  
5 1  4 1  
47  93 
46 06 
45  56 
4 5  23 
44 94 
44 0 3  
44 9 1  
4 6  ('7 
48  84 
5 1  0 3  
A I  PtiA 
2 8  00 
3 1 3 0  
1 1  88 
\6 27  
15 R 7  
15 79 
15 7 9  
15 7 8  
( 6  0 4  
( 7  47  





6 42  
5 03 
4 5 5  
4 3 1  
4 20 
3 77 
4 ? I  
4 87 
6 51 
7 9 1  
X C  TM 
5 0  00 
5 0  00 
5 0  00 
5 0  00 
5 0  UC, 
5 0  00 
5 0  00 




5 0  00 
STATOR 
2 















0 .  
7 8 
1 5 . 2  
2 4 .  7 
3 2 . 2  
4 3 . 7  
5 3 . 3  
6 3 .  1 
7 3  0 
8 3 . 2  
9 4 .  1 
loo. 0 
M ARS 
0 4 2 5  
0 43.7 
0 4 5 0  
Q 464  
0 475 
0 485 
0 494  
0 5 0 4  
0 5 1 1  
0 518  
















0 .  
8 . 1  
1 5 . 5  
2 5 . 0  
3 4 . 4  
4 3 . 9  
53 4  
63, 1 
73  . O  
8 3 . 3  
9 4  1 
1 0 0  0 
SOL 
1 2 4 6 0  
1 2 4 6 0  
) 2 4 6 0  
1 2459  
f 2458 
1 2497 
I 2665  
1 3997 
1 3 4 3 1  
1 3405 
1 4447 
1 4 7 4 5  
l O S S  
0 OP70 
0 0 7 5 8  
0 0 6 6  1 
t) 0 5 8 4  
0 0 5 6 4  
0 0 5 5 5  
0 0 5 5 2  
0 0 5 6  1 
0 0 5 7 8  
0 0658 
0 0 8 2 9  
0 0 9 4 0  
S E C T .  HT 
3 3 . 0 7 1  
3 2 . 3 5 4  
3 1 . 6 9 9  
3 0 . 8 6 0  
3 0 . 0 2 7  
2 9  189 
2 8 .  342  
2 7 . 4 8 3  
2 5 . 6 0 7  
2 5 .  701  
24 7 3 7  







































































































































































Table X X I .  Vector and Airfoil Geometry Data for Original-Design Blading (Con tinued 1. (SI Unite) 
'RESSOR 
M APS 
0 4 4 0  
0 451  
0 463  
0 477 
0 4 8 8  
0 497 
0 5 0 5  
0 5 1 2  
0 517  
0 5 1 7  
0 5 1 3  
0 5 0 7  
M ABS 
0 584 
0 5 8 8  
0 5 9 1  
0 597  
0 6 0 6  
0 6 1 6  
0 6 2 7  
0 6 4 0  
0 654  
0 6 7 0  
0 6 8 9  
0 6 9 9  
CIJM EFF 
0 7614 
0 8177  
0 8 5 4 8  
0 8804  
0 8 9 1 8  
0 8982 
0 902 1 
0 9032  
0 9 0 1 6  
0 8 8 9 5  
0 8 6 3 6  
0 8 4 5 3  
SETA2' 
4 0  a 1  
44 5 8  
4 5  9 6  
44 8 3  
4 3  3 3  
4 1  6 1  
39  6 4  
37  3 0  
34 0 8  
2 9  37 
2 2  3 9  
18 4 0  
ROTOR 4  60 BLADES 
SL X I M M  
1  0 .  
2  8 . 0  
3  1 5 . 5  
4  2 5 . 2  
5  3 4 . 8  
6 4 4 . 3  
7  5 3 . 9  
8  6 3 . 7  
9 7 3 . 5  
10 8 3 . 6  
11 9 4 . 3  
12 100.0 
RADIUS 
3 1 .  123 
3 1 . 6 4 8  
3 1  2 0 0  
3 0  6 2 3  
3 0 . 0 5 4  
2 9 . 4 8 5  
2 8 . 9 1 3  
2 8 . 3 3 6  
2 7 . 7 5  1 
2 7 .  149 
2 6 . 5 1 3  
2 6 .  173 
M RFL 
0 8 5 7  
O 904 
0 9 2 8  
0 934 
0 9 2 6  
0 9 1 3  
0 9 0 1  
9 8 8 7  
0 8 7 1  
0 8 4 0  
0 777 
0 7 3 0  
BETA 
6 3  3 0  
6 2  67  
6 1  9 6  
6 0 . 8 7  
59 74 
5 8  6 5  
5 7  6 0  
5 6  5 5  
55  5 1  
5 4  39 
5 2  78 





0 5 0 1  
0 . 5 7 4  
0 . 6 1 0  
0 . 6 2 2  
0 . 6 1 6  
0 . 6 0 5  
0 . 5 9 6  
0 . 5 8 6  
0 5 7 5  
0 . 5 4 7  
0 . 4 7 5  
0 . 4 1 3  
ROTOR 
4  
E X 1  T 
R-BAR 
3 2 . 0 2 8  
3 1 . 5 4 3  
3 1 .  107 
3 0 . 5 8 4  
30.01 1  
2 9 . 4 6 8  
2 8 . 9 2 4  
2 8 . 3 7 8  
2 7 . 8 2 6  
2 7 . 2 6 0  
2 6 . 6 5 6  
2 6 . 3 2 2  
SOL 
1 .  1912 
1 . 2 0 9 5  
1 . 2 2 6 5  
1 . 2 4 8 8  
1 .2714  
1 .2945  
1 . 3 \ 8 0  
\ . 3 4 1 5  
1  , 3 6 4 6  
1 . 3 8 6 9  
1 . 4 0 8 5  
1 . 4 1 9 3  
LOSS 
0 . 0 8 1 4  
0 . 0 6 8 5  
0 . 0 5 7 7  
0 0 4 8 6  
0 0 4 4 4  
0 . 0 4 3 4  
0 . 0 4 3 0  
0 . 0 4 3 9  
0 . 0 4 7 2  
0 . 0 5 3 4  
0 . 0 6 4 4  
0 . 0 7 5 4  
OEV 
1 7 . 6 1  
1 2 . 5 8  
8  8 2  
6 . 0 0  
4 . 6 7  
4  11 
3 . 7 8  
3 . 5 0  
3 . 2 8  
3 . 4 6  
4 . 4 7  




SECT. HT .  
3 2 . 0 2 8  
3 1 . 5 4 3  
3 1 .  107 
3 0 . 5 5 4  
3 0 . 0 1  1 
29  4 6 8  
2 8 . 9 2 4  
2 8  378  
2 1 . 8 2 6  
2 7 . 2 6 0  
2 6 . 6 5 6  
2 6 . 3 2 2  
CHORD 
4 . 0 0 2 0  
3 . 9 9 3 2  
3 . 9 9 3 0  
3 . 9 9 3 3  
3 . 9 9 3 1  
3 . 9 9 2 4  
3 . 9 9 0 1  
3 . 9 8 4 5  
3 . 9 7 4 1  
3 . 9 5 7 4  
3 . 9 2 8 6  
3 . 9  189 
CAMBER 
2 2 . 8 4  
1 8 . 0 6  
1 5 . 5 9  
1 5 .  19  
15 .  18 
1 5 . 4 9  
16 .  ( 1  
1 7 .  1 1  
1 4 . 0 7  
2 2 . 5 3  
2 7 . 9 3  





T a b l e  X X I .  V e c t o r  Diagram and A i r f o  i l  Geometry Date for O r i g i n a l  -Des ign  Bl e d i  (SI U n i t s )  





3 1 . 6 3 9  
3 1 . 2 3 1  
3 0 .  8 5 7  
3 0  379 
2 9 . 9 1 0  
2 9 . 4 4 4  
2 8 . 9 7 7  
2 8 . 5 0 9  
2 8 . 0 3 7  
2 7 . 5 5 5  
2 7 . 0 4 9  
2 6 . 7 7 5  
T T / T T I  M-ABS 
1 . 8 1 3 3  0 3 9 8  
1 . 7 5 9 3  0 4 1  1  
1 . 7 2 7 8  0 4 2 1  
1 . 7 0 8 1  0 . 4 3 2  
1 . 7 0 0 5  0 441  
1 6 9 8 4  0 448  
1 . 6 9 8 8  0 4 5 5  
1  7037  0 462  
1 . 7 1 2 2  0 . 4 6 6  
1 . 7 3 1 4  0 . 4 6 9  
1 . 7 6 6 1  0 . 4 7 0  
1 . 7 9 4 4  0 . 4 6 4  
ALPHA PI4 I 
3 1  6 0  - 4  84  
24 84 3 5 0  
2 1  3 0  2  90 
19 43 - 2  2 8  
19 0 8  - 1 65 
19 09 - 0  98 
19 I0 - 0  27 
19 0 6  0 4 P  
19 2 2  I 22 
2 0  47 2 0 3  
2 4 . 9 7  3 . 2 7  
2 9  5 0  5  9 $  
STATOR 
4  







4  6 
SL DATA 7  
8  
9  




I 2 4 8 0  
1 . 2 4 8 0  
1 . 2 4 8 0  
I .  2 4 8 0  
I .  2477 
1 . 2 4 9 7  
1 . 2 5 9 9  
1 . 2 ? 8 9  
1 3015  
1 3252  
1  3517 
1 . 3 6 6 4  
LOSS 
0 0 7 5 0  
0 0 6 1 8  
0 05.18 
0 0 4 6 9  
0 0 4 4 1  
0 0 4 3 4  
0 0 4 3 3  
0 0 4 4 4  
0 0 4 8 6  
0 0 5 0 2  
0 0 7 2 4  
0 0 8 2 0  
CllM E F F  
0 . 7 5 2 5  
0 8 0 9 5  
0 . 8 4 7 2  
0 8 7 3 6  
0 0 8 5 3  
0 . 8 9 1 5  
0 8954  
0 8 9 6 0  
0 A933 
0 8797  
0 8 5 1 3  
0 0 3 t 4  
SECT. HT 
3 1 . 7 2 6  
3 1 . 2 8 7  
3 0 . 9 0 0  
3 0 . 4 1 1  
STATOR 2 9 . 9 3 2  
4  2 9 . 4 5 4  
PLANE 2 8  9 7 3  
SECT I O N S  2 8 . 4 9 1  
2 8 . 0 0 4  
2 7 . 5 0 5  
2 6 . 9 7 1  
2 6 . 6 7 5  
CHORD 
2 . 7 0 2 7  
2 . 6 6 5 4  
2  6 3 2 4  
2 . 5 9 0 8  
2 . 5 4 9 4  
2 . 5 1 2 6  
2 . 4 9 1 9  
2 . 4 8 7 4  
2 . 4 8 8 1  
2 . 4 8 8 2  
2 . 4 8 8 5  
2 . 4 8 8 1  
STAGGER 
4 0 . 9 1  
3 3  39 
29 8 9  
2 8 . 4 1  
2 8 . 2 2  
28  2 0  
16 2 3  
2 8 . 3 0  
28  4 2  
2 9 . 6 6  
34 4 5  
3 9 . 5 3  
Table XXI. Vector Diagram And Airfoil Oeometry Date for Original-Dealgn Blading (Continued). (SI Unite) 
ETE CORE COMPRESSOR ROTOR 5  - 7 0  BLADES 
RADIUS 2 
3 1 . 5 1 4  4 2 . 4 1 9  
3  1 .  $ 3 3  4 2 . 4 4 6  
3 0 . 7 7 6  4 2 . 4 1 8  
3 0 . 3 1 7  4 2 . 3 8 C  
2 9 . 8 6 6  4 2 . 3 4 5  
2 9 . 4 1 6  4 2 . 3 1 4  
2 8 . 9 6 6  4 2 . 2 8 3  
2 8 . 5 1 4  4 2 . 2 5 3  
2 8 . 0 5 6  4 2 . 2 2 7  
2 7 . 5 8 8  4 2 . 2 0 2  
2 7 . 0 9 9  4 2 . 1 7 1  
2 6 . 8 4 0  4 2 .  157 
)I-ABS M-REL U C Z B E T A  
0 . 4 1 7  0 . 7 8 4  4 0 6 . 0  161 .O 6 2 . 7 2  
0 428 0 R33 401  1 1 7 1 . 0  6 2  08 
0 438 0 858 396 5  1 7 9 . 0  6 1  48 
0 . 4 5 0  0 8 6 7  3 9 0 . 6  1 8 5 1  6 0 5 6  
0 . 4 6 0  0 . 8 6 2  3 8 4 . 8  1 8 9 . 0  5 9 6 0  
0 . 4 6 8  0 . 8 5 3  3 7 9 . 0  1 9 2 . 0  5 8 6 7  
0 . 4 7 4  0 . 8 4 4  3 7 3 . 2  1 9 4 . 6  57  76 
0 . 4 8 0  0 . 0 3 3  3 6 7 . 4  1 9 7 1  5 6 0 8  
0 483 0 819 3 6 1 . 5  1 9 8 7  5 6 . 0 2  
0 48.1 0 794 3 5 5 . 4  1 9 8 . 4  5 5 . 0 5  
0 484 0 . 7 4 1  3 4 9 . 1  '-4 2 53 4 5  
0 . 4 8 3  9 . 6 9 8  3 4 5 . 8  l a -  52 33 
ROlOR 
5  
I N L E T  
RADIUS 
3 1 . 3 5 2  
3 0 . 9 3 5  
3 0 . 5 9 0  
3 0 . 1 6 4  
2 9 . 7 5 0  
2 9 . 3 3 8  
2 8 . 9 2 4  
2 8 . 5  10 
2 8 . 0 9 2  
2 7 . 6 6 4  
2 7 .  194 
2 6 . 9 1 9  
M-REL 
0 . 4 4 4  
0 525  
0 . 5 6 5  
0 . 5 8 2  
0 . 5 7 9  
0 . 5 7 0  
0 . 5 6 2  
0 . 5 5 3  
0 . 5 4 1  
0 . 5 1 2  
0 4 3 8  
0 . 3 6 8  
PHI 
- 4 . 8 4  
- 4 . 8 9  
- 4  39 
- 3  54 
- 2 . 7 0  
- ! . g o  
- 1 . 1 3  
- 0 . 3 8  
0 35 
1 . 06  
1 73 
1  6 1  
RO l0R  
5  
E X I T  
SOL 
1 . 2 1 5 3  
1 . 2 3 1 0  
1 . 2 4 5 0  
1 . 2 6 3 1  
i .2816  
t . 3 0 0 4  
1 . 3 1 9 9  
1 . 3 3 9 9  
t , 3 5 9 0  
1 . 3 7 4 7  
1 . 3 8 7  1  
1 3921  
LOSS 
0 . 0 8 3 0  
0 . 0 6 7 9  
0 . 0 5 7 3  
0 . 0 4 8 0  
0 . 0 4 4 4  
0 0 4 3 3  
0 . 0 . : 3 3  
0 . 0 4 4 6  
0 . 0 4 7 3  
0 . 0 5 3 3  
0 . 0 6 4 9  
0 . 0 7 5 0  
CUM EFF 
0 . 7 6 4 8  
0 . 8 1 7 3  
0 8524 
0 . 8 7 7 6  
0 . 8 8 8 8  
0 . 8 9 4 6  
0 . 8 9 8 2  
0 . 8 9 8 7  
0 . 8 9 6 0  
0 . 8 8 3 4  
0 . 8 5 7 5  








SL DATA 7  
8  
9  
1 0  
1 1  
12 
CHORD 
3 . 4 2 7 5  
3 . 4 2 7 5  
3 . 4 2 7 5  
3 . 4 2 7 4  
3 . 4 2 7 2  
3 . 4 2 7 2  
3 . 4 2 7 0  
3 . 4 2 6 7  
3 . 4 2 2 0  
3 . 4 0 5 9  
3 . 3 7 6 7  
3 . 3 5 5 0  
S E C T .  HT 
3 1 . 4 3 3  
3 1 . 0 3 4  
3 0 . 6 8 3  
3 0 . 2 4  1  
2 9 . 8 0 8  
2 9 . 3 7 7  
2 8 . 9 4 5  
2 8 . 5 1 2  
2 % .  0 7 4  
2 7 . 6 2 6  
2 7 .  146 





Table XXI. Vector Diagram and Airfoil Geometry Data for Original-Design Blading (Continued). (SI Units)  
CORE CQMP 'RESSOR STATOR 5 - 1iO VANES 
RADIUS 
3 1 . 2 4 6  
3 0 . 8 5 2  
3 0 . 5 2 0  
3 0 .  108 
2 9 . 7 0 6  
2 9 . 7 0 6  
2 8 . 9 0 5  
2 8 . 5 0 1  
2 8 . 0 9 4  
2 7 . 6 7 5  
27 .21R 
2 6 . 9 5 5  
TT/TTI  M ABS 
2 O O i t  0 5 7 0  
1 . 9 3 9 2  0 577 
1 9024 0 582  
1  8785 0 . 5 8 9  
I 8 6 9 1  0 . 5 9 6  
1 . 8 6 6 5  0 . 6 0 3  
1 8 6 6 7  0 6 . 2  
1 8724 0 . 6 2 0  
1  8826 0 . 6 ? 0  
1  .go56  0 . 6 4 0  
1 . 9 4 6 7  0 . 6 5 2  
1 . 9 7 6 4  0 . 6 5 9  
P H I  
- 4  84 
3 5 2  
- 3  0 4  
- 2 . 5 9  
- 2 . 1 5  
- 1  6 7  
- 1  17 
- 0 . 6 3  
- 0  10 
0 . 5 0  
1 45  









STATOR 5  
5  6  
EX IT  7  
8  
9 
1 0  
1  i 
12 
RADIUS 
3 1 . 0 8 8  
3 0 . 7 4 5  
3 0 . 4 3 0  
3 0 . 0 2 9  
2 9 . 6 3 8  
2 9 . 2 5 0  
2 8 . 8 6 2  
2 8 . 4 7 3  
2 8 . 0 8 1  
2 7 . 6 8 0  
2 7 . 2 5 7  
2 7 . 0 3 1  
T T / l T I  M-ABS 
2 . 0 0 1 1  0 . 3 6 5  
1 9392 0 . 3 7 8  
1 . 9 0 2 4  0 . 3 8 7  
1 . 8 7 8 5  0 . 3 9 7  
1 8691  0 405 
1 . 8 6 6 5  0 . 4 1 1  
1 8 6 6 7  0 . 4 1 6  
1 . 8 7 2 2  0 . 4 2 1  
1 . 8 8 2 6  0 . 4 2 3  
1 . 9 0 5 6  0 . 4 2 3  
1 . 9 4 6 7  0 . 4 2 0  
1 9 7 6 4  0 . 4 1 6  
ALPHA 
3 1  7 0  
25  48 
2 1 . 9 7  
19 76  
1 9 .  19 
19 .  19 
1 9 . 2 0  
19. 14 
1 9 . 4 3  
2 0 . 9 9  
2 5 . 4 5  







5  6 




1  1  
12 
% IMM 
0 .  
8 . 8  
1 6 . 6  
2 6 . 3  
3 5 . 8  
4 5 . 3  
5 4 . 7  
6 4 . 2  
7 3 . 8  
8 3 . 6  
9 4 . 1  
1 0 0 . 0  
R-BAR 
31. 167 
3 0 . 7 9 8  
3 0 . 4 7 5  
3 0 . 0 6 9  
2 9 . 6 7 2  
2 9 . 2 7 8  
2 8 . 8 8 3  
2 8 . 4 8 7  
2 8 . 0 8 7  
2 7 . 6 7 8  
2 7 . 2 3 8  
2 6 . 9 9 3  
SOL 
1 . 3 7 6 9  
1 . 3 7 1 0  
1 . 3 7 7 0  
I .  3769  
1 . 3 7 7 0  
1 . 3 8 1 8  
1 . 3 9 5 3  
1 . 4 1 2 1  
1 . 4 3 1 2  
1 , 4 5 2 4  
1 . 4 7 5 8  
1 . 4 8 9 2  
LOSS 
0 0 7 5 0  
0 . 0 6 1 7  
0 . 0 5 3 8  
0 . 0 4 6 8  
0 . 0 4 4 1  
0 . 0 4 3 3  
0 . 0 4 3 3  
0 . 0 4 4 4  
0 . 0 4 8 6  
0 . 0 5 8 1  
0 . 0 7 2 4  
0 . 0 8 2 0  
CUM EFF  
0 . 7 5 7 5  
0 . 8 1 0 8  
0 . 8 4 6 4  
0 . 8 7 2 0  
0 . 8 8 3 4  
0 €I892 
0 8926  
0 8928 
0 . 8 8 9 5  
0 . 8 7 5 5  
0 8476  
0 . 8 2 8 3  
SECT. HT .  
3 1 .  167 
3 0 . 7 9 8  
3 0 . 4 7 5  
30.069 
2 9 . 6 7 2  
2 9 . 2 1 8  
28.8113 
2 8 . 4 8 7  
2 8 . 0 8 7  
2 7 . 6 7 8  
2 7 . 2 3 8  
2 6 . 9 9 3  
CAMBER 
4 0 .  18 
3 7 . 6 7  
3 6 . 4 4  
3 5 . 3 9  
3 5 . 2 3  
3 5 . 5 6  
3 5 . 7 9  
3 6 . 2 2  
3 7 .  10 
3 8 . 4 7  
3 9 . 8 9  
4 0 . 7 6  
STAGGER 
4 0 . 9 9  
3 4 . 0 3  
3 0 . 9 4  
2 9 . 3 0  
2 8 . 9 6  
28 .83  
2 8 . 7 4  
2 8 . 1 9  
2 9 .  14 
3 0 . 6 3  
3 5 . 5 5  
4 0 . 0 9  
BETA 1  * 
6 1 . 0 8  
5 2 . 8 6  
4 9 . 1 6  
4 6 . 9 9  
4 6 . 5 P  
46 61 
4 6 . 6 4  
4 6 . 9 1  
4 7 . 6 9  
4 9 . 8 7  
5 5 . 5 0  





Table  X X I .  Vector  Diagram and A i r f o i l  Geometry Datn for Original-Design Blading (Continued). 
EEE CORE COMPRESSOR ROlOR 6 - 8 0  BLADES 






6  6  
INLET 7  
8  
9  




0 .  
6 . 7  
1 4 . 5  
2 4 . 6  
3 4 . 4  
4 4 . 2  
5 4 . 0  
6 3 . 8  
7 3 . 7  
a 3 . 9  
9 4 . 4  
100  0 
M-A0S M-REC 
0 3 9 9  0 7 4 8  
0 . 4 Y 7  0 . 7 8 1  
0 4 1 4  0 8 0 5  
0 . 4 1 4  0 8 1 6  
0 . 4 3 1  0 8 1 5  
0 . 4 3 7  0 . 8 0 8  
0 . 4 4 2  0 . 8 0 0  
0 . 4 4 6  0 . 7 9 2  
0 . 4 4 9  0 . 7 8 0  
0 . 4 4 9  0 7 5 6  
0 . 4 4 8  0 7 1 0  
0 . 4 4 7  0 . 6 7 3  
RADIUS 
3 0 . 7 3 2  
3 0 . 4 5 9  
3 0 . 1 7 0  
2 9 . 8 1 3  
2 9 . 4 6 8  
2 9 . 1 2 7  
2 8 . 7 8 5  
2 8 . 4 4 3  
2 8 . 0 9 9  
2 7 . 7 4 6  
2 7 . 3 6 3  
2 7 .  144 
M A R S  M R E L  
0 5 1 8  0 457  
0 5 2 4  0 5 1 2  
0 5 2 8  0 5 4 9  
0 5 3 3  0 5 1 1  
0 5 3 8  0 5 7 2  
0 544 0 566 
0 5 5 0  0 559 
0 557  0 5 5 2  
0 565  0 5 4 0  
0 5 7 3  0 5 1 2  
0 5 8 2  0 448  
0 5 8 7  3 3 9 0  
B E T A  
54  78 
5 2  18 
5 0  8 1  
4 9  71 
4 8  65 
4 7  48  
4 6 . 2 0  
44 75  
1 3  12 








ROTOR 5  
6  5 
SL D A T A  7 
a  
9  
1 0  
11 
12 
R  - BAR 
3 0 . 7 9 1  
3 0 . 5 2 8  
3 0 . 2 3 7  
2 9 . 8 7  1 
2 9 . 5 1 4  
2 9 .  159 
2 8  804  
2 8 . 4 4 9  
28 0 9 1  
27 7 2 5  
2 7 . 3 3 5  
2 7 .  1 2 f  
SOL 
1 . 2 0 7 8  
1 . 2 1 8 2  
1 . 2 3 0 0  
1 . 2 4 5 1  
1 . 2 6 3 2  
1 . 2 7 5 4  
f , 2 9 1 2  
t . 3 0 7 3  
i .  3228  
I .  3 3 2 0  
I .  3394 
1 . 3 4 7 3  
CUM t F F  
0 . 7 7 3 7  
0 . 8 1 4 2  
0 . 8 4 8 2  
0 . 8 7 3 3  
0 . 8 8 4 9  
0 8 9 0 2  
0 . 8 9 3 5  
0 0 9 3 6  
0 . 8 9 0 2  
0 8 7 6 9  
0 8 5 0 5  
0 . 8 3 2 3  
DEV 
1 3 . 8 2  
1 0 .  15 
8 .  11 
6 . 8 4  
6 .  19 
5 . 7 9  
5 . 6 8  
5  7 4  
6 . 0 4  
6 . 6 2  
7 . 5 4  
8 . 5 9  
SECT. H T .  
3 0 . 7 9 1  
3 0 . 5 2 8  
30.237 
2 9 . 8 7 1  
2 9 . 5 1 4  
2 9 .  159 
2 8 . 8 0 4  
2 8 . 4 4 9  
2 8 . 0 9 1  
2 7 . 7 2 5  
2 7 . 3 3 5  
2 7 .  121 
CHORD 
2 . 9 1 9 5  
2 9 1 9 5  
2 . 9 i 9 5  
2 . 9 1 9 5  
2  9 1 9 5  
2 . 9 1 9 5  
2 . 9 1 9 3  
2 . 9  192 
2 . 9 1 6 4  
2 . 8 9 8 2  
2 . 8 7 3 4  
2 . 8 6 7 4  
CAMBER 
2 2 . 7 6  
2 0 . 9 3  
i 9 . 2 3  
I ? .  8 2  
1 7 . 2 4  
17 .  17 
1 7 . 6 5  
1 8 . 5 2  
1'3.85 
2 1 . 9 0  
2 4 . 7 4  
2 6 . 6 0  
STAGGER 
5 5 .  77  
5 5 . 1 3  
54 4 0  
5 3 . 2 6  
5 1 . 9 8  
5 0 . 7 2  
4 9 . 3 7  
4 7 . 8 4  
4 6 . 0 9  
4 4 . 0 4  
4 1  6 7  





Table XXI. Vector Diagram and Airfoil Geometry P ~ t a  for Original-Design B l a d i n g  (Continued). (S I  Units) 
CORE COMF 120 VANES 
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Table XXI. Vector Diagram and Airfoil Geometry Data for Original-Design Blading (Continued). (SY Units) 
E E E  CORE COMF 'RESSOR 
M  - ABS 
0 . 3 7 8  
0 . 3 8 5  
0 . 3 9 4  
0 . 4 0 3  
0 . 4 1  1 
0 . 4  17 
0 . 4 2 3  
0 . 4 2 7  
0 4 2 9  
0 . 4 2 9  
0 4 2 8  
0 . 4 2 7  
M -  ABS 
0 507  
0 . 5 1 2  
0 5 1 6  
0 . 5 2 0  
0 . 5 2 5  
0 . 5 3 1  
0 . 5 3 7  
0 . 5 4 4  
0 . 5 5 1  
0 . 5 5 9  
0 568 
0 574 
CLJM EFF  
0 . 7 7 1 8  
0 . 8 1 0 7  
0 . 8 4 3 7  
0.8686 
0 . 8 8 0 2  
0 . 8 8 6  1  
0 8 8 9 2  
0 . 8 8 S 7  
0. 8 8 4 4  
0 8 7 0 3  
0 8 4 3 9  
0 . 8 2 0 0  
BETAZ* 
3 7 . 4 6  
3 8 . 5 3  
3 9 . 7 2  
4 0 . 5 3  
4 0 . 3 4  
3 9  66 
3 8 . 3 7  
3 6 . 7 3  
3 4 . 4 3  
3 1 . 2 1  
27 07  
24 6 4  
8 2  BLADES 
SL X IMM 
1  0 .  
2  6 . 9  
3  1 4 . 8  
4  2 5 . 0  
5  3 4 . 9  
6 4 4 . 7  
7  5 4 . 4  
8  6 4 . 2  
9 7 4 . 0  
1 0  8 4 .  1  
1 1  9 4 . 5  
1 1  (00.0 
7 
5 5 . 4 9 8  
5 5 . 4 8 3  
5 5 . 4 6 9  
5 5 . 4 5 2  
5 5 . 4 2 7  
5 5  4 0 5  
5 5 . 3 9 7  
5 5 . 3 7 9  
5 5 . 3 5 9  
5 5 . 3 3 4  
5 5 . 3 0 4  
5 5 . 2 8 8  
2 
5 7 .  164 
5 7 . 1 6 5  
5 7 .  ( 67  
5 7 .  180 
5 7 . 2 0 1  
5 7 . 2 2 9  
5 7 . 2 6 4  
5 7 . 3 0 2  
5 7 . 3 4 4  
5 7  394 
5 7  4 5 0  
5 7 . 4 8 1  
SOL 
1 . 2 2 2 7  
1 . 2 3  I 0  
1 . 2 4 2 1  
1 . 2 5 5 1  
1 . 2 6 7 9  
1 , 2 8 0 8  
1 . 2 9 3 9  
1 . 3 0 7 2  
1 . 3 2 1 0  
i . 3 3 5 4  
1 . 3 5  1 0  
f . 3 5 9 6  
CAMBER 
2 5 . 8 3  
2 3 . 6 2  
2 1  4 4  
1 9 . 5 3  
18 77  
1 8 . 7 5  
9 9 . 2 8  
20  3 8  
2 2 . 3 0  
2 5 . 2 5  
2 9 .  15 
3 1 . 4 6  
BE 1  A 
6 1  99 
6 1  66 
6 1  1 1  
60 7 5  
6 0  1 1  
59 42 
5 8  74 
5 8  0 8  
5 1  41  
56 59 
5 5  34 
5 4  5 1  
BETA 
53 5 1  
50 82  
4 9  4 9  
48  4 4  
47  4 9  
46 4 6  
4 5  0 0  
4 3  9 6  
42 4 0  
4 0  35 
37 55 
35 8 6  
ROTOR 
7  
I N L E T  
SL X I M M  
1  0. 
2 8 . 0  
3 1 6 . 3  
4 2 6 . 4  
5  3 6 . 0  
6 4 5 . 5  
7  5 4 . 9  
8 6 4 . 3  
9 7 3 . 8  
1 0  8 3 . 5  
1 1  9 4 . 1  
$2 100.0 
5 1  X IMM 
I 0 .  
2 7 . 4  
3 1 5 . 5  
4  2 5 . 7  
5 3 5 . 4  
6  4 5 . 0  
7 5 4 . 6  
8  6 4 . 2  
9 7 3 . 9  
I0 8 3 . 8  
11 9 4 . 3  
t 2  1 0 0 . 0  
S E C T .  HT. 
3 0 . 3 6 5  
3 0 .  139 
2 9 . 8 9 0  
2 9 . 5 8 0  
2 9 . 2 8 2  
2 8 . 9 8 7  
2 8 . 6 9 4  
2 0 . 4 0 t  
' 8 . 1 0 5  
2 7 . 8 0 2  
2 7 . 4 8 1  
2 7 . 3 0 7  
RADIUS 
3 0 . 3 0 6  
3 0 . 0 6 9  
2 9 . 8 2 1  
2 9 . 5 2 0  
2 9 . 2 3 3  
2 8 . 9 5 1  
2 8 . 6 7 1  
2 8 . 3 9 t  
2 8 . 1 0 9  
2 7 . 8 1 8  
2 7 . 5 0 3  
2 7 . 3 2 7  
M REL 
0 4 1 8  
0 . 4 7 4  
0 . 5  15 
0 5 4 1  
0 . 5 5 3  
0 . 5 5 2  
0 . 5 4 7  
0 . 5 4 0  
0 5 2 7  
0 . 4 9 8  
0 . 4 3 8  
0 0 9 0  
PHI 5 1. 
- 4  09 I 
4  18 2 
- 3  96 7 
-3 42 4 
2  00 5 
- 2  17 6 
- 1  57  7 
- 1  01 8 
0 4 9  9 
- 0  0 4  1 0  
0 24 1 1  
1 07 12 
ROTOR 
7 
E X  l T 
R-BAR 
30.365 
3 0 .  139 
2 9 . 8 9 0  
2 9 . 5 0 0  
2 9 . 2 8 2  
2 8 . 9 3 7  
2 8 . 6 9 4  
2 8 . 4 0 1  
18. 105 
2 7 . 8 0 2  
2 7 . 4 8 1  
2 7 . 3 0 7  
LOSS 
0 . 0 8 8 0  
0 0 7 7 6  
0 . 0 6 7 3  
0 0 5 7 7  
0 0 5 0 6  
0 0464  
0 . 0 4 6 5  
0.0496 
0 . 0 5 5 5  
0 . 0 6 4 2  
0 . 0 7 5 6  





2 . 8 4 4 8  
2 . 8 4 4 8  
2 . 8 4 4 8  
2 . 8 4 4 8  
2 . 8 4 4 8  
2 . 8 4 4 8  
2 . 8 4 4 8  
2 . 8 1 4 8  
2 . 8 4 4 8  
2 . 8 4 4 8  
2 . 8 4 4 8  
2 . 8 4 4 8  
STAGGER 
5 4 . 0 7  
5 3 . 6 2  
5 3  2 5  
5 2 . 5 8  
5 1 . 5 7  
5 0 . 3 8  
4 9  0 1  
4 7 . 5 1  
4 5 . 7 5  
43 5 8  






Table  XXI .  Vector Diagraa and Airfoil Geometry Data for Original-Design B l a d i  (ST U n i t s )  






















64 . O  
73.5 
83.3 
94 . O  
100.0 














59 45 4 09 
53 27 3 42 
48 64 2 94 
45 23 2 55 
43 71 -2 76 
43 33 1 99 
43 31 1 73 
43.47 - 1 4 7  
44 28 - 1 23 
46 6 0  -0 97 
5 1 6 4  - 0 5 7  
55 93 -0 7 0  





S T b T O R  5 
7 6 




1 1  
12 
M - ABS 












ALPHA PH I  
2 7 5 0  - 4 0 9  
23 49 2 07  
20 03 1 69 
17 10 - 1  50 
15 52 - 1 47 
1 4 9 8  - 1 3 6  
14 99 - 1 3 8  
15 29 1 19 
16 29 - 1 I0 
18 27 -0 95 
22 19 0 58  
25.40 -0 70 





S T t T O R  5 
7 6 























29.42a i ,4003 
29. 153 t .4030 
28.88 1 1.4094 
28.611 1.4997 
?8.340 1 4329 
28 066 1.4470 
27.784 1.4617 























0 884 1 
0 8791 
0 864 1 
0 8365 
0.8 180 




















































S ' 4 1 O R  
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S E C T I O N S  
Table XXI. Vector Diagram and Airfoil Geometry Data for Original-Design Blading (Continued). (SI  Units) 
E F E  CORE COMF 8 4  BLADES 






8  6  
INLET 7  
8  
9  
1 0  
1  I 
12 
X IMM 
0 .  
4 . 4  
1 2 . 7  
2 3 . 2  
3 3 . 4  
4 3 . 4  
5 3 . 3  
6 3 . 3  
7 3 . 4  
8 3 . 7  
9 4 . 4  
10C.O 
RADIUS 
2 9 . 9 5 7  
2 9 . 8 4 0  
2 9 . 6 2 2  
2 9 . 3 4 5  
2 9 . 0 7 7  
2 8 . 8 1 4  
2 8 . 5 5 2  
2 8 . 2 9 0  
2 8 . 0 2 5  
2 7 . 7 5 4  
2 7 . 4 7 1  
2 7 . 3 2 3  
RADIUS 
2 9 . 8 8 5  
2 9 . 7 5 5  
2 9 . 5 3  1 
2 9 . 2 6 3  
2 9 . 0 1 3  
2 8 . 7 7 0  
2 8 . 5 3 1  
2 8 . 2 9 0  
2 8 . 0 4 7  
2 7 . 7 9 4  
2 7 . 5 2 0  
2 7 . 3 6 8  
R-BAR 
2 9 . 9 2  1 
2 9 . 7 9 7  
2 9 . 5 7 6  
2 9 . 0 0 4  
2 9 . 0 4 5  
2 8 . 7 9 2  
2 8 . 5 4 1  
2 8 . 2 9 0  
2 8 . 0 3 6  
2 7 . 7 7 4  
2 7 . 4 9 6  
2 7 . 3 4 6  
CHORD 
2 . 7 1 8 0  
2 . 7 1 7 8  
2 . 7 1 7 4  
2 . 7 1 6 8  
2 . 7 1 6 4  
2 . 7 1 6 2  
2 . 7 1 5 9  
2 . 7 1 5 5  
2 . 7 1 5 2  
2  7147  
2 . 7 1 4 4  
2 7 \ 4 1  
2 
6 2 . 3 5 3  
6 2 . 3 4 8  
6 2 . 3 3 8  
6 2 . 3 2 5  
62.309 
6 2 . 2 9 4  
6 2 . 2 7 7  
6 2 . 2 6  1 
6 2 . 2 4 3  
6 2 . 2 2 4  
6 2 . 2 0 1  
6 2 .  186 
z 
6 3 . 9 7 4  
6 3 . 9 6 2  
6 3 . 9 6 0  
6 3 . 9 7 5  
6 3 . 9 9 0  
6 4 . 0 0 6  
6 4 . 0 2 9  
6 4 . 0 5 6  
6 4 . 0 8 9  
6 4 .  134 
6 4 .  189 
6 4 . 2 2 6  
SDL 
1 . 2 1 4 4  
1 . 2 1 9 4  
1 . 2 2 8 0  
1 . 2 3 9 5  
1 . 2 5 0 4  
t . 2 6 1 3  
1  2721  
1 . 2 8 3 3  
I .  2948  
1 . 3 0 6 7  
1 . 3 1 9 8  
1 . 3 2 6 9  
CAMBER 
2 7 . 6 0  
2 5 . 7 0  
2 3 . 6 8  
2 2 . 7 4  
2 2 . 1 5  
2 1 . 9 8  
2 2 . 2 6  
23.OR 
2 4 . 5 7  
2 6 . 9 7  
3 0 . 7 0  
3 3 . 3 2  
M ABS M REL 
0 3 6 0  0 6 8 9  
0 3 6 4  0 7 0 6  
0 372 0 732 
0 382  0 7 5 2  
0 3 9 1  0 762  
0 397  0 762 
0 4 0 2  0 7 5 8  
0 4 0 4  0 . 7 5 0  
0 404  0 7 3 6  
0 4 0 4  0 7 1 3  
0 4 0 2  0 6 7 7  







8 6  





I 2  
% IMM 
0 .  
5 . 2  
14 1  
2 4 . 7  
3 4 . 5  
4 4 . 3  
5 3 . 8  
6 3 . 4  
7 3 . 0  
8 3 . 1  
9 3 . 9  
1 0 0 . 0  
M A E S  M R E L  
0 4 9 3  0 395  
0 4 9 6  0 4 2 6  
0 5 0 0  0 469  
0 504  0 5 0 2  
0 5 0 8  0 5 1 8  
0 5 1 3  0 5 2 3  
0 5 1 8  0 5 2 0  
0 5 2 4  0 5 1 2  
0 5 3 1  0 496  
0 5 3 0  0 466  
0 547  0 4 1 3  
0 5 5 1  0 7 7 0  
PH I  
2  5 2  
7 7 2  
2 6 7  
2 32  
1 8 5  
- 1 . 3 7  
- 0  8 9  
0 45  
0 0 5  
0 2 5  
0 4 0  






ROTOR 5  
8  6  







0 . 0 9  10 
0 . 0 8 4 2  
0 . 0 7 2 9  
0 . 0 6 2 1  
0 . 0 5 4 5  
0 . 0 4 9 7  
0 . 0 4 9 3  
0 . 0 5 2 2  
0 0 5 7 9  
0 . 0 6 6 7  
0 . 0 7 8 1  
0 . 0 8 5 0  
CIJM E F F  1 N C  
0 7839  2 09 
0 8 0 6 4  1 . 3 0  
0 8 3 8 6  -0  6 8  
0 8 6 3 3  0 2 7  
0 8754 0 0 0  
0 0818  0 
0 8 8 4 7  0 
0 8 8 3 6  .0 0 7  
0 8784  0 38  
0 8 6 3 7  - 0  7 0  
0 8 3 7 3  - 1  4 2  
0 8198  - 2  00 
DEW 
1 5 .  73  
1 2 . 8 4  
10 7 8  
9 . 5 7  
8 . 8 7  
8 . 4 9  
8 3 0  
8 . 2 7  
8 . 5 0  
9  10 
1 0 . 3 0  
1 1 . 3 2  
SECT. HT 
2 9 . 9 2 1  
2 9 . 7 9 7  
2 9 . 5 7 6  
2 9 . 3 0 4  
2 9 . 0 4 5  
2 8 . 7 9 2  
2 8 . 5 4 1  
2 8 . 2 9 0  
2 8 . 0 3 6  
2 7 .  774 
2 7 . 4 9 6  





and Airfoil Geometry Data for Original-Desing Blading (Continued). ( S I  Units) Table XXI. Vector Diagram 
CORE COMPR 104 VANES 
RADIUS 
2 9 . 8 4 0  
9 9 .  7 1 3  
2 9 . 4 9 4  
2 9 . 2 3 2  
2 8 . 9 8 7  
2 8 . 7 4 9  
2 8 . 5 1 4  
2 8 . 2 7 8  
2 8 . 0 3 8  
2 7 . 7 8 9  
2 7 . 5 1 8  





2 9 . 7 4 5  
2 9 . 6 3 8  
2 9 . 4 4 2  
2 9 . 1 9 0  
28  9 4 6  
2 8 . 7 0 7  
2 8 . 4 6 9  
2 8 . 2 3 2  
2 7 . 9 9 1  
2 7 . 7 4 4  
2 7 . 4 8 7  
2 7 . 3 5 3  
STATOR 
8  
E X I T  
S L  % IMM 
1 0 .  
2  4 . 8  
3 1 3 . 4  
4  2 3 . 9  
5  3 4 . 0  
6  4 3 . 8  
7  5 3 . 5  
8  6 3 . 2  
9 7 3 . 1  
I0 8 3 . 3  
11 9 4 . 1  
12 1 0 0 . 0  
R-BAR 
2 9 . 7 9 3  
2 9 . 6 7 6  
2 9 . 4 6 8  
2 9 . 2 1 1  
2 8 . 9 6 6  
2 8 . 7 2 8  
2 8 . 4 9 2  
2 8 . 2 5 5  
2 8 . 0 1 4  
2 7 , 7 6 6  
2 7 . 5 0 3  
2 7 . 3 6 3  
SOL 
1  5007 
1 . 4 5 0 0  
1 . 3 7 9 6  
1  3228  
1 . 3 0 1 9  
1 . 2 9 2 3  
1 . 2 9 2 6  
1 . 2 9 7 5  
1 . 3 1 1 6  
1 . 3 5 3 2  
1 . 4 2 3 4  
1 . 4 8 0 2  
LOSS 
0 . 0 8 5 0  
0 0 7 9 9  
(3 .07  10 
0 . 0 6 0 9  
0 . 0 5 3 8  
0 0 4 9 9  
0 0 4 9 2  
0 . 0 5 3 0  
0.0604 
0 . 0 7 0 1  
0 0 8 3 6  




SECT. HT .  
2 9 . 7 9 3  
2 9 . 6 7 6  
2 9 . 4 6 8  
2 9 . 2 1 1  
? R . 9 5 6  
2 8 . 7 2 8  
2 8 . 4 9 2  
20.255 
2 8 . 0 1 4  
2 7 . 7 6 6  
2 7 . 5 0 3  
2 7 . 3 6 0  
CHORD 
2 . 7 0 0 6  
2 . 6 0 1 0  
2 . 4 5 5 3  
2 . 3 3 6 6  
2 . 2 7 6 7  
2 . 2 4 3 8  
2 . 2 Z 4 3  
2 . 2 1 4 1  
2 . 2 2 1 4  
2 . 2 6 8 2  
2 . 3 6 6 3  
2 . 4 4 5 8  
CAMBFR 
4 5 . 5 5  
4 5 .  17 
4 4 . 2 1  
4 2 . 7 9  
4 1  9 6  
4 1 . 7 7  
4 1 . 7 7  
4 2 .  1 1  
4 3 .  19 
4 5  10 
4 8 . 2 5  
5 0  44 
BETA l *  
5 9  17 
5 6  3 0  
5 2  0 6  
4 8  73  
46 9 2  
46  25 
4 6  18 
4 6  '.+ 
47 68 
5 0  0 3  
54 6 6  





Table XXI. Vector Diagram and A i r f o i l  Geometry Data for Original-Design Blading ( C o n t i n u e d ) .  
€ € €  CORE CUMPRCSFOR ROTOR 9 - 88 BLADES 
X IMM 



















































L Z BETA 
154 0 6 3  19 
1 5 R 2  6 3 2 0  
1641 6 2 9 1  
1705 G 2 4 0  
$ 7 5 4  6 1 8 6  
1 7 0 9  6 1 3 1  
18f 1 6 0 7 8  
1 8 3 0  6 0 2 8  
181 6 5'3 77 
I803 50'3 
177 7 5 8  39 
175 0 57 72 
ROTOR 
9 
I N L E T  
SL X I M M  R A D I U S  2 P T / P T I  
1 0 29.639 69.57 1 20. 1958 
2 5.4 29.516 69.574 20.2199 
3 14.5 29.311 65.577 20.2439 
4 25. 1 29.070 69.58 1 20.2760 
5 35.0 28.847 69.589 20.308 I 
6 44.5 28.632 69.600 20.3403 
7 53.9 28.420 69.622 20.3723 
0 6 3 . 3  28.207 6 9 . 6 4 0  2 0 . 6 0 4 3  
9 7 2 . 9  27.990 69.679 20.4364 
10 82.9 27 763 69.718 30.4685 
1 1  93.9 27.515 69.774 20.5006 
12 IOO.C 27 377 69.804 20.5166 
M - A B S  M U E C  
0.467 0.362 




0.484 0 496 
0.488 0.094 
0.493 0 484 
0.499 0.465 
































O E V  
16.59 
13.94 














2 9 .  112 
RO T O R  2 8 . 8 8 1  
9 28.656 
P L A N E  2B 434 









2 . 5 4 0 0  
2.5400 

























53. 1 1  
5 2 .  35 
5 1  38 
50. 19 
48. 75 
4 6  97 
44.77 
43.47 
Table  X X I  . VccSor Dinyram rind Air f o i l  Gr.amet ry  Ilata for O r i # l  n a l - l l e s l g n  Bladlng ( ( ' o n 1  l n u c c i l .  
STATOR 
9  
IN1 t T  
STATOR 
9  




S T A T O R  
9 
P l b N E  
SFCT IONS 
SL X I M M  
1  0 .  
2 5 . 3  
3  1 4 . 3  
4  2 5 . 0  
5  3 4 . 8  
6  44 3  
7  5 3 . 7  
8  6 3 . 1  
9 7 2 . 7  
10  8 2 . 8  
11 9 3 . 8  
I 2  1 0 0 . 0  
SL X I M M  
1 0 
2  4  5  
3  12 8  
4  2 3 . 3  
5 3 3 . 5  
6  4 r . 5  
'7 5 3 . 4  
8 6 3 . 3  
9  7 3 . 4  
10  0 3 , 7  
11 9 4 . 4  
12 100.0 
S E C T .  H T .  
2 9 . 5 3 2  
2 9 . 4 4 4  
19.255 
2 9 . 0 2 3  
2 8 . 8 0 4  
2 8 . 9 9 1  
2 8 . 3 8 1  
2 0 . 1 7 0  
2 7 . 9 3 5  
2 7 . 7 3 2  
2 7 . 4 9 5  
2 7 . 3 6 6  
R I D I U S  
2 9 . 5 9 3  
2 9 . 4 7 4  
2 9 . 2 7 4  
2 9  .OJ8 
2 8 . 8  19 
28  6 0 9  
2 8  4 0 1  
2 8 . 1 9 2  
2!  . 9 7 8  
2 7 . 7 5 5  
2 7 . 5 ! 0  
2 7 . 3 7 4  
RADIUS 
2 9 . 5 1 1  
2 9 . 4 1 4  
2 9 . 2 3 6  
2 9 . 0 0 9  
2 8 . 7 8 9  
2 8 . 5 7 4  
2 8 . 3 6 1  
2 8 .  148 
2 7 . 9 3 2  
2 7 . 7  10 
2 7 . 4  19 
2 7 . 3 5 9  
R -BAR 
19 .552  
2 0 . 4 4 4  
2 9 . 2 5 5  
2 9 . 0 2 3  
2 8 . 8 0 4  
2 8 . 5 9 1  
2 8 . 3 3  1  
2 8 .  170 
2 7 . 9 9 5  
2 7 . 7 3 2  
7 7 . 4 9 5  
2 7 . 3 6 6  
CHORD 
2 . 3 6 7 4  
2 . 2 9 2 6  
2 .  (853 
2 . 0 9 0 1  
2 . 0 6 0 9  
2 . 0 4 6 6  
2 . 0 3 2 5  
2 . 0 1 5 0  
2 . 0 0 7 8  
2 . 0 3 7 0  
2 .  I 3 0 8  
2 . 2 1 3 2  
F E E  CORF COMP 
CAMRER 
4 8  5 2  
4 8 .  I t  
4 7 . ! !  
45 43 
4 3 . 8 9  
4 3 . 0 6  
4 2 . 9 8  
4 3 . 6 0  
4 5 . 0 9  
4 7 . 4 9  
5 0  5 5  
5 2 . 2 1  
STAGGER 
3'1 6 5  
34 6 0  
GO 7 3  
3 7  98 
2 6  59 
2 6  10 
2 6  10 
2 6 . 4 4  
27 17 
28 6 0  
3 1  5 5  
03  9 5  
'RESSOR 5TATOR 9 - 118 V A N E S  
ALf'fiA 
6 2  4 2  
58 47 
5 3  2 0  
48 92 
4 6  0 6  
45  1R 
45  C1 
45  6 5  
47 2 0  
4 9  95 
54 66 
5 8  2.4 
ALPHA 
2 5  A 0  
23 7 0  
19 61 
16 37 
I 4  36 
13 4 6  
f3 4 1  
14 2 2  
15 5 9  
1 7  7 0  
2 1  18 
2 3  7 0  
D E V  
15 0 4  
14 45  
13 0 5  
11 27 
9 76  
8  84  
8  8 1  
9 54 
10 9 2  
12 6 8  
I 4  6 1  
15 5 6  
YC I M  
42  00 
4 2  00 
4 2  00 
42 00 
4 2  00 
42 00 
42 00 
4 2  00 
4 2  00 
42 00 
42 00 
4 2  00 
enc~ nlrroll clcomecry uata for U r i g i r ~ c ~ l - D e s i ~ n  Blading (Continued). (SI Units) 







1 0  6 
INLET 7  
8  
9  
1 0  




4  5 
1 2 . 8  
2 3 . 4  
3 3 . 6  
4 3 . 6  
5 3 . 4  
6 3 . 4  
7 3 . 4  
8 3 .  7  
9 4 . 4  
1 0 0 . 0  
RADIUS 
2 9 . 4 6 3  
2 9 . 3 6 9  
2 9 .  194 
2 8 . 9 7 1  
2 8  7 5 7  
2 8 . 5 4 8  
2 8 . 3 4 0  
2 8 .  131  
2 7 . 9 2 0  
2 7 . 7 0 4  
2 7 . 4 7 9  
2 7 . 3 6 1  
U A B S  M-RE:  
0 3 0 1  0 6 3 3  
0 3 0 6  O i r 4 9  
0 3 1 2  0 6 7 2  
0 3 2 1  0 6 9 1  
0 3 2 8  ( 1 7 0 1  
0 334 0 704 
0 3 3 8  0 7 0 1  
0 3 3 9  0 6 9 1  
0 3 3 9  0 6 7 1  
0 3 3 7  0 656 
0 3 3 5  6 2 4  
0 3 3 3  O R 0 3  
RAO IUS 
2 9  4 0 6  
2 9 . 2 9 7  
2 9 . 1 1 4  
2 8 . 0 9 9  
2 8 . 3 0 0  
2 8 . 5 0 8  
2 1 . 3 1 0  
2 8 .  128 
2 7 . 9 3 2  
2 7 . 7 2 7  
2 7  ecc 






GOT OR 5 
I0 6  







0 .  
4 . 9  
1 3 . 6  
2 4 . 2  
3 4 . 2  
4 3 . 9  
5 3 . 5  
6 3 . 2  
7 3 . 0  
8 3 . 2  
9 4 . 1  
( 0 0 . 0  
R-BAR 
2 9 . 4 3 5  
2 9 . 3 3 3  
2 9 .  154 
2 8 . 9 3 5  
2 8 . 7 2 8  
2 8 . 5 2 8  
2 8  3 2 9  
2 8 .  1 3 0  
2 7  9 2 6  
3 7 . 7 1 5  
2 7  4 9 0  
2 7 . 3 6 8  
SOL 
1 . 2 1 1 3  
1 . 2 1 5 5  
1 . 2 2 3 0  
1 . 2 3 7 2  
1 . 2 4 1 1  
1  2499  
1  2 5 8 6  
i 2 6 7 5  
1  2 7 6 8  
1 . 2 8 6 5  
9 2970  
1  3 0 3 8  
LOSS 
0 . 0 9 7 0  
0 01199 
.O 0 7 R 5  
0 0 6 7 8  
0 0 6 0 4  
0 0557 
0 ('552 
0 ("18 1  
" \ ) 6 3 ?  
0 U l 2 4  
(7 0 8 4 0  
0 0 9 1 0  
Clli* E F f  INC 
0 7 7 6 6  - 2 2 0  
0 7 9 7 8  - 1  7 0  
O . 8 3 R 6  1  \ @  
0 8 5 3 3  0 6 0  
0 8 6 6 1  O 2 7  
0 9 1 3 2  0 09 
0 8 7 6 0  0 
0 8 7 4 0  0 0 7  
0 8 6 7 5  0 7 3  
O A518 0 6 2  
0 8 1 5 4  1 3 5  
0 8OR4 1 00 
S E C T  HT 
29 435 
2 9 . 3 3 3  
2 9  154 
2 8 . 9 3 5  
2 8 . 7 2 R  
28 526  
2 8 . 3 1 9  
2 8 .  t 3 0  
2 7 . 9 2 6  
27 7 1 5  
z 7 . 4 9 0  
27 3 6 8  




a X I .  \ I t - c t r l r  I:lngran nntf f i i r fa~ i  l &%ornet r v  I ) n t  n for O r l ~ i  nal-Design Dladi ng ( S I  U n i t s )  
CORE COMPRF T S O R  S I A I O R  1 0  
P T ' P I I  1 1 / I i I  M A R S  
25 3 9 5 2  2  8472  0 453 
25 I 1 2 9  2 R O l 2  0 4 5 4  
2 5  1306 2  7379  0 4 5 6  
25 1541 2  6 9 0 6  0 458  
2 5  1771 2  6674  0 4 6 0  
2 5  3013  2 6 5 7 2  0 4 6 3  
25 2248 2  6 5 5 5  0 4 6 5  
25 2484 2  6663 C 4 6 8  
25 2119  2 6 8 7 4  0 472  
25 2955  2 7301  0 4 7 6  
? 5 3 \ 9 0  l R ( Y 3 9  0 4 8 1  
2 5  3208  4 8 4 9 6  O 4R4 
140 VANES 
RADIUS 
2 9 . 3 4 2  
2 9 . 2 5 9  
2 9 .  101 
28  894 
2 8 . 6 9 1  
2 8 . 4 9 0  
28  2 9 0  
2 8 . 0 8 9  
27 8 8 6  
2 7 . 6 7 9  
2 7 . 4 6 6  





1 0  6 











S T A T O R  5 
1 0  6 





1  a 
X IMM 
0 
4  7  
1 3 . 2  
2 3 . 6  
3-.6 
4 3 . 4  
5 3  1 
6 2  9  
7 2  9 
8 3 .  2 
9 4 . 1  
1 0 0 . 0  
SOL 
1 . 9 2 5 3  
1 9 7 8 1  
1 . 8 0 5 6  
1 7358  
1 . 6 8 8 2  
I .  6 6 2 5  
1  6 6 1 1  
1 6 8 7 2  
1 . 7 7 8 9  
1 8 1 7 3  
1 9300 
2.0076 
CUM E F F  
0 7114 
0 7927  
0 8237  
0 8487  
0 8 6 1 8  
0 a 6 9 0  
0 8718  
0 8695  
0 R626 
0 8464 
0 8 f 9 3  
0 8 0 2 0  
SECT. HT 
2 9 . 3 5 0  
2 9 . 2 5 7  
2 9 . 0 8 9  
2 8 . 8 8 1  
2 8 . 6 8 2  
2 8 . 4 8 8  
2 8 . 2 9 5  
2 8 .  1 0 0  
2 7 . 9 0 2  
2 7 . 6 9 8  
2'7.  4 8 0  
2 7 . 3 6 4  
CHORD 
2  5 3 6 0  
2  4 6 5 9  
2 . 3 5 7 2  
2 . 2 4 9 6  
2 .  1732 
2 .  1255 
2 .  1095 
2 .  1278 
2 .  1773 
2 . 2 5 8 8  
2 . 3 8 0 1  
2 . 4 5 8 2  
CAMBER 
'13 54  
6 8  24 
6 1  42 
55 0 8  
51 8 8  
5 0 . 5 6  
5 0  5 5  
51  73 
54 I1  
5 8  5 2  
6 6  2 0  




S E C T : 9 N S  
Table XXI. Vector Diagram and Airfoil (komet~.p Data for Original-Design B l a d i n u  (Continued). ( U . S .  Units) 
F E E  CDRE COMPRFSSnP I G V  32 V A N E S  
RADIUS 
1 4 . 2 5 6  
1 3 . 8 6 3  
1 3 . 4 6 0  
1 2 . 9 0 2  
1 2 . 3 1 3  
11 6 8 7  
1 1 . 0 1 6  
1 0 . 2 9 1  
9.495 
0 . 5 9 2  
7 . 5 0 0  




1 3 . 9 9 2  
1 3 . 5 7 6  
13 I 6 2  
1 2 . 6 0 1  
1 2 . 0 2 1  
1 1 . 4 1 4  
1 0 . 7 7  1 
1 0 .  C83 
9.332 
I 485  







1 CV 5 
6 







1 4 .  124 
1 3 . 7 2 0  
1 3 . 3 1  1 
1 2 . 7 5 1  
1 GV 1 2 .  167 
1 1 . 5 5 1  
PC AN€ 1 0 . 8 9 4  
SECT IONS 1 0 . 1 8 7  
9 . 4 1 3  
0 . 5 3 8  
7 . 4 7 8  
6 . 8 1 6  
CHORD 
2 . 4 6 5 6  
2 . 4  180 
2 .  3 7 0 0  
2 . 3 0 4 2  
2 . 2 3 5 5  
2 .  1629 
2 . 0 8 5 6  
2 . 0 0 2 5  
1 . 9 1  15 
1 .80Rb  
1 . 6 8 3 9  
1  6 0 6 0  
Table KXI. Vector Diagram and A i r r o l l  Geometry Data for Original-Design Blading (Continued). (U.9. U n i t s )  







1  6  







1 3 . 8 0 7  
13 .409  
1 3 . 0 1 2  
12 .477  
11 .926  
11 .352  
1 0  7 4 6  
10 .096  
9 . 3 8 3  
8 . 5 7 5  
7 . 6 0 1  
7 . 0 0 6  
RADIUS 
1 3 . 5 3 5  
13. 123 
1 2 . 7 4 3  
12.246 
11 .746  
1 1 . 2 3 5  
1 0 . 7 1 1  
10. 168 
9 . 6 0 3  
9  0 0 6  
8 . 3 5 9  
8 . 0 0 9  
R -8IR 
13 .671  
1 3 . 2 6 6  
12 .878  
12 .362  
11 .836  
11.293 
10 .728  
10 .132  
9 . 4 9 3  
8 . 7 9 0  
7 . 9 8 0  
7 . 5 0 7  
CHORD 
4 .0457  
4 . 0 3 9 3  
4 . 9 3 8 5  
4 . 0 4 0 3  
4 . 0 3 9 6  
4.03q.1 
4 . 0 3 9 6  
4 . 0 3 9 4  
4 . 0 3 8 9  
4 . 0 3 8 3  
4 . 0 0 5 2  
3 . 9 7 8 8  
z 
3 . 8 2 1  
0 . 7 6 6  
0 . 1 1 4  
0 . 6 4 6  
0 . 5 7 9  
0 . 5 0 7  
0 . 4 2 6  
0 . 3 3 ?  
0 . 2 2 8  
0. 124 
0 . 0 3 5  
- 0 . 0 0 0  
2 
2 . 7 1 3  
2 . 7 7 3  
2 . 8 3 9  
?.  926 
3 . 0 1 4  
3 . 1 0 5  
3 . 2 0 0  
3 . 2 9 8  
3 . 4 0 2  
3 .505  
3 . 6 0 2  
3 . 6 4 3  
SOL 
1  3195 
I. 3598 
1 4008 
1 .4593  
1.524 1  
1 .5974  
1 .6815  
I .  7805  
1 .9003  
2 . 0 5 2  1  
? ,2606  
2 .4929  
CAMBER 
9 . 6 6  
7 .  17 
4 . 6 7  
4 .42  
5 . 9 4  
8 39 
1 2 . 0 8  
1 7 . 2 2  
2 4 . 6 7  
3 5 . 8 8  
5 3 . 2 4  
6 5 . 2 0  
M-ABS M R E L  
G 578 I 353 
0 6 0 0  1  378 
0 6 1 1  1 3 0 4  
0 6 3 1  I 2 7 0  
0 636  I 233 
0 6 3 6  1 1 9 1  
0 6 2 9  1 1 - 3 5  
0 6 1 3  1 0 9 1  
0 586  1  027 
0 547 0 952 
0 484 0 857 
0 448 0 804 
B F T A  
6 5  76 
64 2 0  
6 2  77 
6 1  '6 
5 9  76  
58 4 5  
5 7  28 
56 3 0  
55 64 
55 34 
56 1 1  
57 0 8  




53 7 s  
5 0  99 
47 76 
44 0 2  










ROTOR 5  
1 6  








7 . 5  
1 4 . 3  
2 3 . 3  
3 2 . 4  
4 1 . 6  
5 1 .  1  
6 0  9  
7 1 . 2  
8 2 . 0  
9 3  7 
1 0 0 . 0  
M-ABS M  REI. 
0 663  0 . 7 6 7  
0 . 6 7 3  0 807 
0 . 6 7 7  0 8 1 1  
0 . 6 8 4  0 788 
0 . 6 9 4  0 . 7 5 6  
0 7 0 5  0 . 7 2 1  
0 718 G.687  
0 732 0 652 
0 7 5 0  0 6 7 C  
0 774 0  588 
0 . 8 0 9  0 5 6 1  






ROTOR 5  
1 6  




1 1  
12 
LOSS 
0 . 2 3 1 8  
0 t 4 3 9  
0 . 0 9 5  1 
0 . 0 7 0 4  
0 0 5 8 9  
0 . 0 5 1 6  
0 . 0 4 6 9  
0 . 0 4 5 2  
0 . 0 4 6 5  
0 . 0 5 6 6  
0 . 0 8 6 2  
0 .  1 '42  
C U M E F F  INC 
0 6925 3 00 
0 7950  3  2 0  
0 8636 3 50 
0 3053  3  8 0  
0 9 2 5 0  4  00 
0 9378 4  2 0  
0 9 4 7 0  4  40  
0 9531  4  6 0  
0 9 5 5 0  4  8 0  
0 9440  4  7 0  
0 9141  4  3 0  
0 8911  4  00 
SECT. HT 
13 6 7 1  
13.266 
12 .870  
12 .362  
1 1 . 8 3 6  
1 1 . 2 9 3  
10 .728  
10. 132 
9 . 4 9 3  
8 . 7 9 0  
7 . 9 8 0  
7 . 5 0 7  
STAGGER 
6 2 . 7 1  
6 0 . 8 5  
5 9 . 0 1  
5 6 . 4 0  
5 3  6 8  
5 0  73  
4 7 . 3 8  
4 3 . 4 9  
3 8 . 8 6  
3 3 . 5 8  
27 14 
2 3 . 2 2  
BETAI*  
6 3  38 
6 1  54 
5 9 . 8 2  
5 7 . 9 5  
5 6 . 4 3  
55 0 4  
5 3  85 
5 2 . 8 7  
5 2 . 0 6  
5 1 . 5 4  
5 1 . 7 0  
5 2 . 2 1  
ROTOR 
1  
P L A N E  
SECTIONS 
Table XXI. Vector Diagram and Airfoil Geometry Data for Original-Design Blading (Continued) 






STATOR 5  
1  6  





I 2  
M ARS C Z ALPHA PI41 
0 6 6 1  425 6 57  0 8  4  7 1  
0 6 7 1  5 0 3 9  50 44 3 14 
0 6R8 5 4 1  2 47 32 2  06 
0 701  565  0 45 75 0 72 
0 7 1 3  5 0 0 1  45  12 0 7 5  
0 727 592  9 44 R 3  2 37 
0 7 4 2  6 0 5 3  44 6 6  4  18 
0 759 617  1  44 6 9  6 2 0  
0 778 6 2 9  0 44 8 6  8  4 6  
0 802  638  0 45 5 8  1 1  0 3  
0 8 3 3  642  3  47 13 I 4  09 












1  I 
12 
RADIUS Z 
1 3 . 3 0 8  5 . 3 6 6  
I 2  960 5 . 4 3 8  
1 2 . 6 2 7  5 . 4 7 9  
12.  191 5 . 5 1 3  
1 1 . 7 5 5  5 537 
1 1 . 3 1 3  5  554 
10 8 6 1  5  564  
1 0 . 3 9 6  5  5 6 5  
9 . 9 1 1  5  5 5 9  
9  4 0 0  5 5 4 6  
0 . 8 4 4  5 . 5 2 4  
8 . 5 4 0  5 . 5 0 5  
M- ASS C Z ALPIiA Pti I 
0 4 5 0  493 9 24 9 0  4  31  
G 465 522  7  19 9 6  2  52  
0 4 7 9  5 4 3 6  17 1 1  1 36 
0 495 563  8 15 45 0 0 6  
0 5 0 7  5 7 8 3  14 80 1 56 
0 5 t B  5 9 1  0 14 16 3  19 
0 528  602  0 13 5 1  4  94 
0 535  6 1 0  7  12 92 6 86 
0 5 4 2  6 1 7 3  12 47 8 96 
0 5 4 5  6 1 8 0  12 71  1 1  34 
0 54 I 607 3  14 31  13 95 






STATOR 5  
1  6  







1 3 . 3 6 7  1 .  1062 
1 2 . 9 8 9  1 .  $ 3 7 5  
1 2 . 6 3 9  1 . 1 7 0 0  
1 2 . 1 8 3  1 . 2 1 3 0  
1 1 . 7 2 6  1 . 2 5 7 9  
1 1 . 2 6 2  1 . 3 0 1 6  
1 0 . 7 8 6  1 . 3 4 6 6  
10 .294  1 . 3 9 1 1  
9 . 7 8 1  1 . 4 3 6 6  
9 . 2 3 9  1 . 4 8 5 0  
8 . 6 5 2  1 . 5 3 7 9  
8 . 3 3 3  1 . 5 6 8 2  
L O S S  
0 0 9 3 0  
0 0824 
0 0 7 3 0  
0 . 0 6 4 9  
0 0626  
0 . 0 6 1 7  
0 . 0 6 1  1 
0 . 0 6 2 0  
0 . 0 6 3 3  
0 . 0 7 0 3  
0 . 0 8 8 1  
0 l o o 0  
CLIM E F F  
0 6587 
0 7 6 0 0  
0 8291  
0 8725  
0 9917 
0 9033  
0 9 1 2 0  
0 9157 
0 9154 
0 8993  
0 8565  
0 8 2 5 0  
SECT. HT 
1 3 . 3 6 7  
1 2 . 9 8 9  
1 2 . 6 3 9  
12. 103 
1 1 . 7 2 6  
1 1 . 2 6 2  
( 0 . 7 8 6  
1 0 . 2 9 4  
9 . 7 8 1  
9 . 2 3 9  
8 . 6 5 2  
8 . 3 3 3  
CAMBER 
4 0 . 5 1  
3 8 . 9 0  
37 6 0  
3 6 . 3 8  
3 6 . 0 5  
3 5 . 9 9  
3 6 . 0 7  
3 6 . 3 0  
3 6 . 6 1  





2 9 . 6 5  
2 7 . 7 9  
26 9 3  
2 6 . 4 7  
2 6 .  17 
2 5 . 9 7  
2 6 .  10 
2 6 . 2 9  
2 6 . 5 5  
2 7 . 4 5  
3 8 . 2 5  
X C  TM 
5 0  00 
5 0  00 
5 0  00 
5 0  00 
5 0 . 0 0  
5 0 . 0 0  
4 9  9 9  
SO. 15 
5 1 . 8 0  
5 5 . 5 7  
6 1 . 3 2  












ROT OR 5  
2  6 
INLET 7  
8 
9  








ROTOR 5  
2  6  







1 3 . 1 1 7  
1 2 . 7 9 3  
1 2 . 5 0 6  
1 2 .  141 
1 1 . 7 8 0  
1 1 . 4 1 8  
1 1 . 0 5 4  
1 0 . 6 8 6  
1 0 . 3 1 1  
9 . 9 2 7  
9 . 5 1 9  
9 . 3 0 1  
M-ABS M - R E L  
0 6 1 4  0 6 4 5  
0 6 2 3  0 6 9 5  
0 6 3 0  0 714 
0 6 3 9  0 7 1 1  
0 6 5 0  0 6 9 2  
0 6 6 3  0 6 7 2  
0 6 7 8  0 6 5 5  
0 6 9 5  0 6 3 7  
0 7 1 4  0 6 2 1  
0 738 0 596 
0 7 6 8  0 5 5 6  
0 785 0 5 2 6  
B F T A  PH I  
6 1  4 0  4 52 
5 7  4 9  4  12 
5 5  36  2  8 1  
5 3  0 2  - 0  9 4  
5 0  65 0 94 
4 1  95 2 78 
44 9 3  4  66 
4 1  5 0  6  5 7  
37  58 8 48 
32 74 ( 0  49 
2 5  92 12 92 






ROTOR 5  
2 6  







1 . 2 7 2 9  
1 . 3 0 0 0  
1 . 3 2 6 2  
1 . 3 6 2 5  
1 . 4 0 1 0  
1 . 4 4 2 2  
1 . 4 8 7 4  
1 . 5 3 7 1  
1 . 5 9 0 4  
1 . 6 4 6 6  
1 . 7 0 6 8  
1 . 7 3 6 4  
1 DSS 
0 .  1035 
0 . 0 8 3 4  
0 0 7 2 5  
0 0 6 3 4  
0 . 0 6 0 3  
0 0 5 9 2  
0 . 0 5 8 1  
0 . 0 5 9 4  
0 . 0 6 2 4  
0 . 0 6 9 6  
0 . 0 8 3 2  
0 . 0 9 2 0  
CUM E F F  
0 .  7380  
0 . 8 1 1 8  
0 . 8 5 9 1  
0 . 8 8 9 9  
0 . 9 0 3 8  
0 . 9 1 2 2  
0 . 9 1 8 7  
0 . 9 2 1 6  
0 9216  
0 . 9 1 1 1  
0 8 8 4 6  
0 8654  
DEV 
1 0 . 5 1  
4 . 9 8  
4 . 0 0  
3 . 9 0  
3 . 9 0  
3 . 9 1  
3 . 8 1  
3 . 8 0  
4  0 1  
4 . 4 2  
5  5 6  
7 . 2 1  
S E C T .  HT .  
13 .  170 
1 2 . 8 4 9  
1 2 . 5 5 0  
1 2 .  163 
1 1 . 7 7 8  
1  9 . 3 8 8  
1 0 . 9 9 1  
1 0 . 5 8 5  
1 0 .  166 
9 . 7 2 7  
9 . 2 5 5  
9 . 0 0 1  
CHORD 
2 . 7 6 9 2  
2 . 7 6 1 0  
2 . 7 5 1 0  
2 . 7 3 9 0  
2 . 7 2 7 2  
2 . 7 1 4 5  
2 . 7 0 2 3  
2 . 6 8 8 3  
2 . 6 7 0 9  
2 . 6 4 8 9  
2 . 6 0 4 9  
2 . 5 7 8 7  
CAMPER 
1 2 . 9 5  
1 0 . 1 5  
9 . 1 1  
1 0 . 0 1  
1 1 . 2 1  
1 2 . 7 2  
1 4 . 8 3  
1 7 . 7 9  
2 2 .  19 
2 9 . 2 8  
42 6 9  
5 0 . 0 2  
STAGGER 
6 0 . 9 2  
5 9 . 7 2  
5 8 . 2 5  
5 6 . 0 0  
5 3 . 6 6  
5 1 . 2 0  
4 8 . 5 2  
4 5  4 3  
4 1  8 6  
3 7 . 5 0  




P L A N E  
SECT IONS 















0 .  
8  4  
1 5 . 8  
2 5 . 2  
3 4 . 6  
4 4 . 0  
5 3 . 5  
6 3 . 2  
7 3 . 1  
8 3  3  
9 4 . 2  
1 0 0 . 0  
X lMM 
0 .  
7 . 8  
1 5 . 2  
2 4 .  7  
3 4 . 2  
4 3 . 7  
5 3 . 3  
6 3 .  1 
7 3 . 0  
8 3 . 2  
9 4 . 1  
1'90.0 
X IMM 
0 .  
8 .  t 
1 5 . 5  
2 5 . 0  
3 4 . 4  
4 3 . 9  
5 3 . 4  
6 3 .  1 
7 3 . 0  
8 3 . 3  
9 4 .  1  
1 0 0 . 0  
CT.  H T .  
1 3 . 0 2 0  
12 7 3 8  
1 2 . 4 8 0  
1 2 .  149 
$ 1 . 8 2 2  
1 1 . 4 9 2  
1 1 . 1 5 8  
1 0 . 8 2 0  
1 0 . 4 7 5  
1 0 . 1 1 8  
9 . 7 3 9  
9 . 5 3 5  
R I D  1 US 
13 0 5 9  
1 2 . 7 5 5  
1 2 . 4 8 3  
12 .  139 
1 1 . 7 9 7  
1  I .  454 
1  1 .  107 
1 0 . 7 5 4  
t o .  393  
1 0 .  0 2 0  
9 . 6 2 3  
9 . 4  10  
RADIUS 
1 2 . 9 8 1  
1 2 . 7 2 1  
1 2 . 4 7 7  
12 .  160 
1 1  . 8 4 6  
11.530 
1 1 . 2 1 0  
1 0 . 8 8 7  
1 0  5 5 7  
1 0 . 2  17 
9 . 8 5 5  
9 . 6 6 0  
R-BAR 
1 3 . 0 2 0  
1 2 . 7 3 8  
1 2 . 4 8 0  
1 2 .  149 
1 1 . 8 2 2  
1 1 . 4 9 2  
11 .  158 
1 0 . 8 2 0  
1 0 . 4 7 5  
1 0 .  118 
9 . 7 3 9  
9 . 5 3 5  
CHORO 
1  4981  
1 .  4657  
t . 4 3 6 1  
1 . 3 9 7 9  
t .  3 6 0 1  
1 . 3 2 6 5  
1  , 3 0 5 3  
1 . 2 9 8 7  
1 . 2 9 9 1  
1  . 2 9 9 6  
1 . 2 9 9 5  
1 . 2 9 9 5  
EEE 
SOL 
1 . 2 4 6 0  
1 . 2 4 6 0  
1 . 2 4 6 0  
1 . 2 4 5 9  
1 . 2 4 5 8  
1 . 2 4 9 7  
* .  2665  
1 . 2 9 9 7  
1 . 3 4 3 1  
1 . 3 9 0 5  
1 . 4 4 4 7  
1 . 4 7 5 5  
CORE COMF 
STAGGER 
3 7 . 2  1 
3 0 . 9 5  
2 7 . 8 0  
2 6 . 6 2  
2 6 . 2 0  
2 6 . 0 5  
2 6 . 0 6  
2 6 .  17 
2 6 . 4 5  
2 7 . 9 9  
3 1 . 5 1  
3 4 . 0 5  
LOSS 
0 . 0 8 7 0  
0 . 0 6 6 1  7 5 8  
0 . 0 5 8 4  
0 . 0 5 6 4  
0 . 0 5 5 5  
0 . 0 5 5 2  
0 . 0 5 6 1  
0 . 0 5 7 8  
0 . 0 6 5 8  
0 . 0 8 2 9  
0 . 0 9 4 0  
M-ABS 
0 . 4 2 5  
0 . 4 3 7  
0 4 5 0  
0 . 4 6 4  
0 . 4 7 5  
0 . 4 8 5  
0 495  
0 . 5 0 4  
0 . 5 1 2  
" .. l 8  
0 3 1 9  
1J.514 
CUM E F F  
0 . 7 2 0 4  
0 . 7 9 4 3  
0 . 8 4 2 9  
0 . 8 7 4 5  
0 . 8 8 8 5  
0 . 8 9 6 5  
O.Ei021 
0 . 9 0 4 2  
0 . 9 0 3 2  
0 .  a894  
0 . 8 5 6 8  
0 . 8 3 3 9  
6 8  VANES 
c z  
4 2 1 . 2  
5 0 2 . 3  
5 4 3 . 6  
5 7 0 . 5  
5 8 4 . 6  
5 9 8 . 2  
6 1 2 . 0  
6 2 5 . 6  
6 3 8 . 2  
6 4 1 . 9  
6 2 8  2  
6 1 2 . 8  
C 7 
4 8 9 . 8  
5 2 5 . 5  
5 4 7 . 9  
5 6 7  2  
5 0 0 . 2  
5 9 1 . 5  
6 0 1 . 8  
6 1 1 . 7  
6 2 0 . 4  
6 2 3 . 3  
6 1 2 . 8  
5 9 2 . 5  
I NC 
- 1 . 9 4  
- 1 .  12 
- 0 . 3 0  
0 . 0 4  
0 . 4 6  
0 . 5 6  
0 . 4 7  
0 . 5 0  
0 . 4 3  
0 2 5  
- 0 .  16 
0 . 0 2  
TMfC 
0 . 0 9 5 8  
0.0958 
0 . 0 9 5 8  
0 . 0 9 5 5  
0 . 0 9 4 3  
0 . 0 9 2 0  
0 . 0 8 8 4  
0 . 0 8 2 9  
0 . 0 7 4 9  
0 . 0 6 4 8  
0 . 0 5 2 8  
0 . 0 4 6 2  
ALPHA 
5 8 . 2 5  
5 1  4 1  
4 7 . 9 3  
4 6 . 3 6  
45  5 6  
45  23  
4 4 . 9 4  
4 4 . 8 2  
44 9 1  
4 6  0 2  
48 84 
5 1  0 7  
ALPHA 
28 00 
2 1  30 
1 7 . 8 8  
1 6 . 2 3  
15 87 
IS. 7 9  
15 7 9  
15 7 8  
1 6 . 0 4  
17 4 2  
2 1  14 
2 4 . 3 0  
DEV 
1 0 . 3 8  
8 .  17 
6 . 4 2  
5  0 3  
4 . 5 5  
4 . 3 1  
4 . 2 0  
3 . 7 7  
4 . 2 1  
4 . 8 7  
6 . 5 1  
7 . 9 1  
%C TM 
5 0 . 0 0  
5 0 . 0 0  
5 0 . 0 0  
5 0 . 0 0  
5 0 . 0 0  
5 0 . 0 0  
5 0 . 0 0  
5 0  00 
5 0 . 0 0  
5 0 . 0 0  
5 0 . 0 0  
5 0 . 0 0  
Table XXI. Vector Diagram and Airfoil Geometry Data fox Original-Deeign Blad~ng (Continued). (U.S. Units) 
E F E  CORE COMPRESSOR ROTOR 3 - 5 0  BLADES 
X IMM 
0 .  
7 . 6  
1 4 . 8  
? 4 . 3  
3 3 . 7  
4 3 . 2  
5 2 . 7  
6 2 . 5  
7 2 . 5  
8 2 . 9  
9 4 . 1  
1 0 0 . 0  
M RFL U C Z RFtA 
0 9 5 9  1387 8  5 4 1  9  6 4  32  
0 9 9 3  1362 1  5 6 6  5 6 3  6 6  
1 0 1 5  ( 3 3 7  4 5 9 0  2  6 2  87  
1 0 1 9  1 3 0 5 4  6 1 0 2  6 1 8 3  
1 0 0 4  1273 5  6 2 1  7  6 0  7 0  
0 9 8 6  1 2 4 1 3  6 3 2 6  5 9 5 3  
0 9 6 8  120R 8  6 4 2  6  5 8  2 6  
0 9 4 8  1 1 7 5 7  6 5 1 2  5 7 0 3  
0 9 2 4  1 1 4 1 7  6 5 6 1  5 5 7 6  
0 8 8 5  1106 3  6 5 1  4  5 4  46 
0 8 1 9  1068 6  6 3 1  0 5 2  8 1  





ROTOR 5  
3 6  











ROTOR 5  
3  6  







1 2 . 8 3 5  
1 2 . 5 9  1  
1 2 . 3 7 7  
1 2 . 1 1 0  
1 1 . 8 4 8  
1 1  , 5 8 6  
1 1 . 3 2 1  
1 1 . 0 5 4  
lc) .  7 8 5  
1 0 . 5 0 7  
1 0 . 2 0 8  
1 0 . 0 4 1  
M - L B S  M-REL U C  Z BETA 
0 5 9 8  0 5 7 1  1378 0 408  7  5 8  5 2  
0 6 0 4  0 6 2 9  1 3 5 1 8  4 8 4 9  5 5 1 7  
0 6 0 8  0 6 6 5  1328 8  532 2  5 3  26 
0 6 1 4  0 6 7 6  1 3 0 0 2  5 5 9 8  5 1 S J  
0 6 2 2  0 6 6 2  1272 1  567  2 4 9  8 1  
0 6 3 3  0 6 4 6  1243 8  5 7 6  4  47  7 4  
0 6 4 6  0 6 3 1  1215 4  5 8 6  6  45  75 
0 6 6 0  0 6 1 6  1 186 8  5 9 8  9 42 6 3  
0 6 7 7  0 6 0 0  1157 8 6 1 1  0 3 9  5 1  
0 6 9 7  0 5 6 8  1128 1  6 0 9  9  3 5  5 1  
0 722  0 5 0 2  1096 0 5 7 7  7  29 7 1  
0 735 0 452 1078 0 5 3 9  8 25  56 
PHI  
- 4  8 4  
4  95 
- 4  2 0  
2 6 2  
0 8 3  
0 87  
2 44 
3 9 4  
5  4 5  








3 6  







0 .  
8 .  1  
1 5 . 6  
2 5 .  1 
3 4 . 4  
4 3 . 9  
5 3 . 4  
6 3 .  i 
7 2 . 9  
8 3 .  1  
9 4  . O  
1 0 0 . 0  
R-BAR SOL 
1 2 . 8 8 1  1 . 2 7 2 6  
1 2 . 6 3 9  1 . 2 9 0 1  
1 2 . 4 1 7  1 . 3 0 6 6  
1 2 . 1 3 5  1 . 3 2 8 7  
1 1 . 8 5 5  1 . 3 5 1 5  
1 1 . 5 7 4  1 . 3 7 5 6  
1 1 . 2 9 0  1 . 4 0 1 2  
1 1 . 0 0 2  t . 4 2 8 4  
1 0 . 7 1 0  1 . 4 5 7 7  
1 0 . 4 0 6  1 . 4 8 9 6  
1 0 . 0 8 1  1 . 5 2 6 1  
9.903 1 . 5 4 7 0  
CUM EFF 
0 7544 
0 . 8 1 6 4  
0 . 8 5 6 9  
0 . 8 8 3 7  
0 . 8 9 5 6  
0 . 9 0 2 8  
0 . 9 0 7 3  
0 . 9 0 9 0  
0 . 9 0 8 6  
0 . 8 9 7 5  
0 . 8 7 1 2  
0 . 8 5 2 7  
SECT. HT 
1 2 . 8 8  1  
t 2 . 6 3 9  
1 2 . 4 1 7  
1 2 . 1 3 5  
1 1 . 6 5 5  
1 1 . 5 7 4  
1 1 . 2 9 0  
f I . 0 0 9  
1 0 . 7 1 0  
1 0 . 4 0 6  
1 0 . 0 8 1  
9 . 9 0 3  
CHORD 
2 . 0 5 6 4  
2 . 0 4 9 0  
2 . 0 3 9 1  
2 . 0 2 6 0  
2 . 0 1 3 5  
2 . 0 0 0 7  
1 . 9 8 7 8  
1 . 9 7 4 7  
1 . 9 6 1 4  
1 . 9 4 7 7  
1 . 9 1 4 8  
1 . 0 8 2 7  
CAMBER 
2 0 .  18 
1 3 . 8 8  
1 0 . 9 2  
1 1 . 0 2  
11 .-'3 
1 2 . 6 5  
1 4 .  11 
$ 6 .  io  
1 9 . 0 8  
2 4 . 4 4  
3 4 . 2 4  
4 0 . 6 7  




Table  XXI. Vector Diagram and Airfoll Geometry Data for Original-Design Blading (Continued). (U.S. Units) 
E E E  CORE COMFRESSOR SIAIOR 3 - 8 2  VANES 
RAO I US 
1 2 . 7 8 2  
1 2 . 5 4 9  
1 2 . 3 4 8  
1 2 . 0 9 5  
1 1 . 8 4 5  
1 1 . 5 9 5  
1 1 . 3 4 3  
1 1 . 0 8 8  
1 0 . 8 2 8  
1 0 . 5 6 0  
1 0 . 2 7  1  
1 0 . 1 1 1  
M-ABS CZ 
0 604 4 1 5 . 6  
A 6 1 4  5 1 8 . 9  
0 . 6 2 1  5 E 5 . 0  
0 . 6 3 1  5 9 0 . 9  
0 6 4 1  6 0 2 . 8  
0 6 5 3  6 1 2 . 5  
0 6 6 5  6 2 2 . 2  
0 . 6 7 8  6 3 2 . 6  
0 . 6 9 3  6 4 0 . 9  
0 .  708 6 3 5 . 9  
0 . 7 2 6  5 9 7 . 0  
0 . 7 3 6  5 5 8 . 6  
ALPHA 
5 9  8 1  
5 1  18 
4 7 .  15 
4 5  2 3  
44  8 4  
44 8 1  
4 4 . 8 8  
4 5 . 0 2  
45  4 6  
4 7  24 
5 1  8 0  
5 5 . 3 9  
PHI  
- 4  8 4  
- 2  94  
2  01 
- 0  97  
0 06 
1 I 4  
2 27 
3 4 6  
4 7 1  
6 09 
7  86 
8 . 8 8  
S T A T O R  
3 
I N L E T  
SL X IMM 
1  0 .  
2  8 . 2  
3 1 5 . 7  
4  2 5 . 3  
5 3 4 . 9  
6  4 4 . 4  
7  5 4 . 0  
8 6 3 . 7  
9  7 3 . 5  
10  8 3 . 5  
1 1  9 4 . 2  
12 1 0 0 . 0  
RADIUS 
1 2 . 7 0 1  
1 2 . 5 0 1  
1 2 . 3 1 7  
1 2 . 0 8 0  
1 1 . 9 4 6  
1 1 . 6 i 1  
1 1 . 3 7 6  
1 1 .  139 
1 0 . 8 9 8  
1 0 . 6 5 2  
1 0 . 3 9 0  
1 0 . 2 4 8  
M ABS C Z  
0 . 4 1 7  4 9 9 . 5  
0 . 4 3 1  5 4 1 . 4  
0 442 5 6 4  4  
0 . 4 5 4  5 0 2 . 7  
0 . 4 6 3  5 9 4 0  
0 . 4 7 1  6 0 3 . 4  
0 . 4 7 8  6 1 2 . 2  
0 4 0 5  6 2 0 . 9  
0 4 9 0  628  4  
0 493  6 2 9  2 
0 4 9 3  6 1 2 4  
0 407 5 8 4 . 8  
P H I  
4  04  
- 3  2 5  
2  42 
- 1 4 9  
- 0  55 
0 43 
I .r 5 
2  5 1  
3 6 0  
4  78  
6 37 
B R 8  
SOL. 
1 . 2 6 4 0  
t , 2 6 4 0  
1 2 6 4 0  
1 . 2 6 4 0  
1  2634 
1  2667 
1 . 2 8 0 9  
1 3047  
I .  3334 
1 . 3 6 5 9  
1 . 4 0 2 4  
1 . 4 2 3 2  
L O S S  
0 . 0 8 1 0  
0 . 0 6 9 1  
0 . 0 6 0 7  
0 . 0 5 3 2  
0 . 0 5 0 2  
0 . 0 4 9 4  
0 C493 
0 . 0 5 0 0  
0 0 5 2 8  
0 . 0 6 2 0  
0 . 0 7 7 6  
0 . 0 8 8 0  
DEV 
9 . 2 0  
7  5 3  
6 08  
4  6 8  
4 . 4 5  
4  SO 
4 . 5 2  
4 . 5 1  
4 . 6 0  
5 . 8 4  
7 .  28 




S E C T .  H T .  
1 2 . 7 4 2  
1 2 . 5 2 5  
1 2 . 3 3 2  
1 2 . 0 8 7  
1 1 . 8 4 6  
1 1 . 6 0 3  
1 1 . 3 5 9  
1 1 . 1 1 3  
1 0 . 8 6 3  
1 0 . 6 0 6  
1 0 . 3 3 0  
1 0 .  179 
CHORD 
1 . 2 3 3 5  
1 . 2 1 2 5  
1 .  1938 
1 .  1701 
t .  1463 
1 .  1257 
1 . 1 1 4 4  
1 . 1 1 0 4  
1 .  1094 
1 .  1095 
1 .  1096 
1 . 1 0 9 6  
CAMBER 
3 4 . 4 6  
3 3 . 4 4  
3 3 . 0 0  
3 1 . 7 4  
3 1 . 2 0  
3 1  0 7  
3 1 . 1 2  
3 1 .  17 
3 1 . 5 3  
3  1 . 8 5  
2 9 . 6 5  
27 .(J9 
STAGGER 
3 9 . 8 6  
3 2 . 3 8  
2 8 . 8 7  
2 7 . 5 0  
2 7 . 2 3  
2 7 .  17 
2 7 .  19 
2 7 . 2 6  
2 7 . 5 3  
2 8 . 9 7  
3 3 . 7 3  
3 7 . 8 6  




Table KXI, Vector Diagram and Airfoil Geometry Data for Originsl-Design Blading (Continued). (U.S. Units) 







4  6 








8 . 0  
1 5 . 5  
2 5 . 2  
3 4 . 8  
4 4 . 3  
5 3 . 9  
6 3 . 7  
7 3 . 5  
8 3 . 6  
9 4 . 3  
1 0 0 . 0  
M-ABS M R E L  
0 . 4 4 0  0 857 
0 . 4 5 1  0 904  
0 . 4 6 3  0 928 
0 . 4 7 7  0 . 9 3 4  
0 . 4 8 8  0 . 9 2 6  
0 4 9 7  0 9 1 3  
0 505 0 . 9 0 1  
0 5 1 2  0 887 
0 517 0 8 7 1  
0 . 5 1 7  0 . 8 4 0  
0 . 5 1 3  0 . 7 7 7  






ROTOR 5  
4 6 







0 .  
9 . 1  
1 6 . 8  
2 6 . 5  
3 6 . 0  
4 5 . 4  
5 4 . 9  
6 4 . 3  
7 3 . 6  
8 3 . 5  
94 0 
1 0 0 . 0  
R A O I U S  
1 2 . 5 7 2  
12 .377  
1 2 . 2 1 0  
1 2 . 0 0 2  
11 .798  
11.595 
11 .392  
11 .189  
1 0 . 9 8 5  
1 0 . 7 7 6  
1 0 . 5 5  1  
1 0 . 4 2 2  
M- ABS 
0 584 
0 . 5 8 8  
0 5 9 1  
0 . 5 9 5  
0 . 6 0 6  
O 618  
0 . 6 2 7  
0 . 6 4 0  
0 . 6 5 4  
0 . 6 7 0  
0 . 6 8 9  
0.699 
M- WFC 
0 . 5 0 1  
0 . 5 7 4  
0 . 6 1 0  
0 622 
0 616 
0 . 6 0 5  
0 . 5 9 6  
0 . 5 8 6  
0 575  
0 . 5 4 7  
0 . 4 7 5  
0 . 4  13 





RO TOR 5 
4  6  






R - B A R  
1 2 . 6 1 0  
1 2 . 4 1 9  
12 .247  
9 2 . 0 2 9  
1 1 . 8 1 5  
11 .602  
11 .388  
11. 172 
10. 955  
10 .732  
1 0 . 4 9 5  
1 0 . 3 6 3  
SOL 
1 .  1912 
1  , 2 0 9 5  
1 . 2 2 6 5  
1 .2488  
1 .  2 7  14 
f . 2945  
t . 3 1 8 0  
f . 3 4 1 5  
1.3646 
I .  3869 
1 .4085  
1 . 4 1 9 3  
S E C T .  HT 
1 2 . 6 1 0  
1 2 . 4  19 
12 .247  
12 0 2 9  
11.815 
1 1 . 6 0 2  
11 .388  
11. I72 
10 .955  
1 0 . 7 3 2  
1 0 . 4 9 5  
1 0 . 3 6 3  
CAMBER 
2 2 . 8 4  
1 8 . 0 6  
15 5 3  
15 19 
15. 1R 
1 5 . 4 9  
1 6 . 1 1  
17 .  11 
19 0 7  
2 2 . 5 3  
2 7 . 9 3  
3 0 . 9 4  
STAGGER 
57 53 
5 6  94 
5 4 . 9 1  
53 22 
5 1  53 
49 RO 
4 7 . 9 9  
4 6 . 0 8  
4 3 . 9 8  
4 1 . 4 1  
3 7 . 7 4  











E X I T  
STATOR 
4  





SL X IMM 
I 0. 
2 9 . 0  
3  1 6 . 6  
4 2 6 . 1  
5 3 5 . 5  
6 4 4 . 9  
7  5 4 . 3  
8  6 3 . 8  
9  7 3 . 4  
10 8 3 . 2  
11 9 3 . 9  
12 1 0 0 . 0  
S L  X IMM 
1  0 .  
2 8 . 4  
3  16. 1  
4  2 5 . 9  
5  3 5 . 5  
6  4 5 . 1  
7  5 4 . 7  
8  6 4 . 4  
9  7 4 . 1  
10 8 3 . 9  
11 9 4 . 4  
12 1 0 0 . 0  
SECT H T .  
1 2 . 4 9 0  
1 2 . 3 1 8  
12.  165 
1 1 . 9 7 3  
11 .784  
1  1 . 5 9 6  
1 ¶ . 4 0 7  
1 1 . 2 1 7  
I 1 . 0 2 5  
1 0 . 8 2 9  
1 0 . 6  19 
10.5U2 
R I D  1  US 
12 .525  
1 2 . 3 4 0  
12. 183 
1 1 . 9 8 6  
1 1 . 7 9 3  
1 1 . 6 0 0  
1 1 . 4 0 5  
1 1 . 2 1 0  
11 . O f 2  
10 .809  
10.58B 
10 .463  
R I D  1 U S  
1 2 . 4 5 6  
12 .296  
12 .  148 
1 1 . 9 6 0  
1 1 . 7 7 6  
11 .592  
1 1 . 4 0 8  
11 .224  
1  I 038 
10 .849  
1 0 . 6 4 9  
1 0 . 5 4  1  
R - B A R  
12. 4 9 0  
12 .398  
12 .  165 
1  I .  973 
11 .784  
t 1  596 
11 .407  
11.217 
1 1 . 0 2 5  
1 0 . 8 2 9  
1 0 . 6 1 9  
1 0 . 5 0 2  
CHORO 
1 , 0 6 4 0  
1 .0494  
1 .0364  
1 . 0 2 0 0  
1 .0037  
0 . 9 8 9 2  
0 . 3 8 1 0  
0 . 9 7 9 3  
0 . 9 7 9 6  
0 . 9 7 9 6  
0 . 9 7 9 7  
0.9796 
SOL 
9 . 2 4 8 0  
1. 2480  
1 . 2 4 8 0  
1 . 2 4 8 0  
1 . 2 4 7 7  
1 .2497  
1 . 2 5 9 9  
1 . 2 7 8 9  
1  3015 
1 .0252  
1  3517 
1 .3664  
CAMRER 
3 5  0 4  
3 3 . 7 4  
3 7 . 8 0  
3 1 . 9 5  
3 1 . 5 4  
3 1 . 4 7  
3 1 . 4 0  
3 1  34 
3  1 .  38 
3 1 . 6 0  
3 2 . 0 0  
3 2 . 2 0  
CORE COMF 
STAGGER 
4 0  9 1  
3 3 . 3 9  
79  8 9  
2 8 . 4 >  
2 8 . 2 2  
2 8 . 2 0  
28 33 
28  3 0  
2 8 . 4 2  
2 9 . 6 6  
0 4 . 4 5  
39.50 
'RFSSOR STATOR 4  - 
LOSS 
0 . 0 7 5 0  
0 . 0 6 1 8  
0 . 0 5 3 8  
0 . 0 5 6 9  
0 . 0 4 4 1  
0 . 0 4 3 4  
0 . 0 4 3 3  
0 . 0 4 4 4  
O.04Rfi 
0 . 0 5 8 2  
0 . 0 7 2 4  
0 . 0 8 2 0  
M-ABS 
0 . 3 9 8  
0 . 4 1 1  
0 . 4 2 1  
0.432 
0 . 4 4 1  
0 . 4 4 8  
0 . 4 5 5  
0 462 
0 . 4 6 6  
0 . 4 6 9  
0 . 4 7 0  
0 464 
CUM E F F  
0. 7525 
0 . 8 0 9 5  
0 . 8 4 7 2  
0 . 8 7 3 6  
0 8853 
0 . 8 9 1 5  
0 . 8 9 5 4  
0 8 9 6 0  
0 . 8 9 3 3  
0 . 8 7 9 7  
0 . 8 5 1 3  
0 . 8 3 1 4  
92  V A N E S  
C z 
4 1 8 . 6  
5 2 6 . 9  
5 7 6 . 0  
603 2 
6 1 2  9 
6 2 0  2  
6 2 8 . 9  
5 3 8 . 4  
647 .O 
6 3 9 . 9  
585 0 
5 2 7 . 1  
cz  
4 9 7 . 9  
5 4 0 .  1  
5 6 3 . 0  
5 8 1 . 4  
593  0 
6 0 2 . 4  
6 1 1 . 4  
6 2 0 . 5  
6 2 7 . 7  
6 2 9 . 6  
6 1 5 . 0  
5 8 6 . 2  
I NC 
- 1 . 9 7  
- 1 . 4 8  
- 0 . 8 3  
- 0 . 7 5  
- 0 . 6 1  
- 0  5 0  
- 0 . 5 0  
- 0 . 5 0  
- 0 . 4 8  
- 0 . 4 4  
- 1 . 4 9  
- 2 . 6 4  
TM/C 
0 . 0 9 9 8  
0 . 0 9 7 0  
0 . 0 9 4 5  
0 . 0 9 i  1 
0 . 0 8 8 0  
0 . 0 8 4 9  
0 . 0 8 1 7  
0 . 0 7 8 5  
0 . 0 7 5 5  
0 . 0 7 2 2  
(3.0686 
0.0666 
(U.S. U n i t s )  
Table X X I .  Vector Diagram and A i r f o i l  Geometry Data ?or Original-Design Blading (Continued). (U.S. Units) 
E E F  CORE COUP R E S S O R  ROTOR 5  
SL X IMM 
1 0 
2 8 .  1  
3 1 5 . 8  
4  2 5 . 6  
5  3 5 . 3  
6  4 4 . 9  
7 5 4 . 5  
8  6 4 . 2  
9  7 4 . 0  
10  84 . o  
11 9 4 . 5  
12 100 0 
RhDlUS 
1 2 . 4 0 7  
t 2 . 2 5 7  
12 .  117 
1 1 .906  
1  1 . 7 5 8  
11 , 5 8 1  
I t  , 4 0 4  
1  I .  226 
1 1 . 0 4 6  
10.862 
1 0 . 6 6 9  
10 .567  
RAD 15 
1 2 . 3 4 3  
12. 179 
12 .043  
11 . 8 7 6  
11 .713  
11.550 
1 1 . 3 8 8  
1  I .  224 
1 1 . 0 6 0  
1 0 . 8 9 1  
10 .706  
10.598 
R - B A R  
t 2 . 3 7 5  
12 218 
1 2 . 0 8 0  
1 1 . 9 0 6  
1 1 . 7 3 5  
1  t  , 5 6 6  
11 396  
1 1 . 2 2 5  
1 1 . 0 5 3  
1 0 . 8 7 6  
10 607 
1 0 . 5 8 2  
CHORD 
1 .3494  
1.3494 
! . 3 4 9 4  
1 .3494  
1 .3493  
1.3493 
1 .3492  
1 ,3491 
) .  3 4 7 2  
1 .3409  
1 .3294  
1 .3209  
z 
16 .124  
1 6 . 7 1 1  
46 .700  
1 6 . 6 8 5  
1 6 . 6 7 1  
1 6 . 6 5 9  
1 6 . 6 4 7  
16 .635  
1 6 . 6 2 5  
1 6 . 6 1 5  
1 6 . 6 0 3  
1 6 . 5 9 7  
z 
1 7 . 4 7 5  
1 7 . 4 8 3  
17 .491  
1 7 . 5 0 4  
1 7 . 5 1 9  
1 7 . 5 3 5  
1 7 . 5 5 3  
1 7 . 5 7 1  
17 .592  
17 .615  
1 7 . 6 4 3  
17.Gf83 
SOL 
1 . 2 1 5 3  
1 . 2 3 1 0  
1 . 2 4 5 0  
1 . 2 6 3 1  
1.2816 
1  , 3 0 0 4  
1 3199 
1 . 3 3 9 9  
1 . 3 5 9 0  
1 . 3 7 4 7  
1 . 3 8 7 1  
1 .3921  
CAMBER 
2 0 . 6 7  
1 9 . 0 7  
1 7 . 9 7  
1 7 . 2 0  
1 7 . 0 5  
1 7 . 4 0  
18 .12  
19 10  
2 0  75 
2 3 . 4 2  
2 7 . 4 6  
3 0 . 0 7  
B E T A  
6 2  72 
62 08 
6 1 48 
6 0  56 
59 60 
58 67 
57 7 6  
56 88 
56 0 2  
55 05 
53 45 
57 37  
B F T A  
5 5  90 
51  2 4  
4 9  6 6  
48 00 
4 6  97 
45 47 
4 3  8 1  
4 1  94 
39 8 3  
3 7  18 





SC % I M M  
1  0 .  
2  9 . 4  
3  1 - . 2  
4 2 6 . 8  
5 3 6 . 1  
6  4 5 . 4  
7  5 4 . 8  
8  6 4 . 1  
9 7 3 . 5  
10 8 3 . 2  
1 1  9 3 . 8  
12 1Ot7.0 
M . A B S  M-REL.  
0 . 5 6 1  0 4 4 4  
0 . 5 6 8  0 . 5 2 5  
0 . 5 7 3  0 5 6 5  
0 . 5 7 9  0 582  
0 . 5 8 5  0 579 
0 . 5 9 3  0 5 7 0  
0 . 6 0 1  0 5 6 3  
0 . 6 1 1  0 . 5 5 3  
0 . 6 1 0  0 . 5 4 1  
0 . 6 3 1  0 . 5 1 2  
0 6 4 4  0 4 3 8  
0 6 5 0  0 368 
ROTOR 
5  






ROTOR 5  
5 6 








8 . 8  
1 6 . 5  
2 6 . 2  
3 5 . 7  
4 5 . 2  
5 4 . 6  
6 4 . 2  
7 3 . 8  
8 3 . 6  
9 4 . 1  
1 0 0 . 0  
L O S S  
0 . 0 8 3 0  
0 . 0 6 7 9  
0 . 0 5 7 3  
0 . 0 4 8 0  
0 . 0 4 4 4  
0 . 0 4 3 3  
0 . 0 4 3 3  
0 . 0 4 4 6  
0.0473 
0 . 0 5 3 3  
0 . 0 6 4 9  
0 075C 
S E C T .  H T  
12 375 
12 .218  
1 2 . 0 8 0  
1 1  , 9 0 6  
1 1 . 7 3 5  
i 1 . 5 6 6  
11 .396  
\ \  . I 2 5  
0 0 5 3  
10 .876  
1 0 . 6 8 7  
1 0 . 5 8 2  
STAGGER 
56 I0 
5 5  0 3  
54 0 6  
52 6 6  
5 1  11 
4 9 . 5 6  
47 86 
46 nrt 
4 6  38 
41  71 
3R 41 
36 77 
B E T A  1  
6 2 . 4 5  
6 1 . 5 8  
6 0 . 8 4  
5 9 . 9 0  
5 8 . 9 5  
5 8 . 0 5  
5 7 . 1 2  
56 :lo 
5 5 . 5 5  
54 00 
53 7 5  
5 2 . 9 8  
ROTOR 
5  
P L A N E  
SECT [ONS 
T a b l e  XXI. Vector Diagram and Airfoil G e o m e t r y  Data for Original-Des1p;n B l a d i  ng  ( C o n t  i n u e d ) .  
CORE CUMI'RkS5OR 51 h l ( l R  5 - 
RADIUS 
1 2 . 3 0 1  
1 2 .  146  
1 2 . 0 t 6  
1 1 . 8 5 3  
1 1 . 6 9 5  
1 1 . 5 3 8  
1 1 . 3 8 0  
1 1 . 2 2 1  
11  0 6 1  
1 0 . 8 9 6  
1 0 . 7 1 6  




SL % IMM 
1 0 
2 8 . 5  
3  $ 6 . 2  
4  2 6  1  
5 3 5 . 7  
6  4 5 . 3  
7 5 4 . 9  
8  6 4  5  
9 7 4 . 1  
1 0  8 4 . 0  
11  9 4 . 4  
12 i D O . 0  
RAO I 1JS 
1 2 . 2 4 0  
12 104 
l t . 9 8 0  
1 1 . 8 2 3  
1 1 . 6 6 9  
11 516 
11  363 
1 1 . 2 1 0  
t \ 0 5 5  
1 0 .  898 
1 0 . 7 3 1  
1 0 . 6 4 2  
M - A B S  
0 3 6 5  
0 3 7 8  
0 3R7 
0 3 9 7  
0 4 0 5  
0 4 1 1  
0 4 1 6  
0 4 2 1  
0 4 2 3  
0 423 
0 4 2 0  
0 4 1 6  
5 TA TOR 
5 
E X 1  T  
Q - B A R  
1;. 2 7 0  
12. 125 
1 1 . 9 9 8  
1 1 . 8 3 8  
1 1 . 6 6 2  
1 1 . 5 2 7  
1 1 . 3 7  1 
1 1 . 2 1 5  
1 1 . 0 5 8  
1 0 . 8 9 7  
1 0 . 7 2 3  
1 0 . 6 2 7  
SOL 
1 . 3 7 6 9  
1 . 3 7 7 0  
1 . 3 7 7 0  
1 . 3 7 6 9  
I . 3 1 7 0  
1  3 8 1 8  
1 . 3 9 5 3  
1 . 6 1 2 1  
1  4012  
1  4524  
1 . 4 7 5 8  
1 . 4 8 9 2  
LOSS 
0 0 7 5 0  
0 0 6 1 7  
0 . 0 5 3 8  
0 . 0 4 6 8  
0 0 4 4 1  
0 0 4 3 3  
0 0 4 3 3  
0 . 0 4 4 4  
0 . 0 4 8 6  
0 . 0 5 8  1  
9 . 0 7 7 4  
0 . 0 8 2 0  
CIJM E F F  
0 . 7 5 7 5  
0 . 8 1 0 8  
0 . 8 4 6 4  
0 . 8 7 2 0  
0 . 8 8 3 4  
0 . 8 8 9 2  
0 . 8 9 2 6  
0 . 8 9 2 8  
I) RE95 
0 8 7 5 5  
0 8 4 7 6  




SECT.  H T .  
1 2 . 2 7 0  
12 .  125 
1 1 . 9 9 8  
1 1 . 8 3 8  
1 1 . 6 8 2  
1 I .  527  
1 1 . 3 7 1  
1 1 . 2 1 5  
1 1 . 0 5 8  
1 0 . 8 9 7  
1 0 . 7 2 3  
1 0 . 6 2 7  
CHORD 
0 . 9 6 5  1  
0 . 9 5 3 7  
0 . 9 4 3 7  
0 . 9 3 1  1  
0 . 9  189 
0 . 9 0 9 P  
0 . 9 0 6 3  
0 . 9 0 4  7 
0 . 9 0 4 0  
0 . 9 0 4 0  
0 . 9 0 4 0  
0 . 9 0 4 0  
CAMRER 
4 0  1R 
37  6 7  
06 44  
35 79 
35 23 
3 5  56 
35 7 9  
3 6  2 2  
3 7  10 
38  47 
3 9  8 9  
4 0  76  
STAGGER 
4 0 . 9 9  
3 4 . 0 3  
3 0 . 9 4  
2 9 . 3 0  
28.96 
28 . R 3  
28. 7 4  
2 8 .  7 9  
2 9 .  I 4  
3 0  6 3  
3 5 . 5 ;  
4 0  0-3 
STATOR 
5 
P L A N E  


















































































































































































































T a b l e  X X I .  Vector Diogrnm for Ori ~i nnl  -Design £31 ading  (Con1 inued)  . ( U . S .  U n i t s )  
F F E  COCE COMl 
RADIUS 
12 0 6 6  
1 1 . 9 6 4  
1  I 8 5 4  
I 1  7 1 9  
1 1 . 5 8 7  
1 1  45: 
1 1  3 2 6  
1 1 . 1 9 6  
1  1 . 0 6 4  
1 0 . 9 2 9  
1 0 . 7 8 3  
1 0 . 7 0 1  
R I D  1 US 2 P T / P T l  
12 0 1 6  2 1  3 2 2  9  6 8 2 0  
1 1  9 2 6  1 I 335 9  7 1 6 5  
41 8 2 3  2 1  3 4 5  9  7 4 7 9  
1 1 6 9 3  2 1 3 4 8  9 7 8 3 1  
1 1 5 6 6  2 1 3 4 5  9 R l l 1  
1  1  4 4 0  2 1  3 4 1  9  8 3 4 8  
1 1 3 1 5  2 1 3 4 1  9 8 5 7 2  
I 1  1 9 0  2 1  343 9  8 7 7 1  
1 1 0 6 3  2 1  3 4 4  9 8 9 0 9  
10 9 3 5  2 1  3 4 1  9  8 9 2 8  
$0 8 0 0  2 1  328 9 8 8 3 7  
1 0 7 2 9  2 1 3 1 3  9 8 7 3 0  
M  ABS C Z A l  P I (& 
0 3 6  1  5 0 6  7  2R .)(' 
0 3 7 0  5 3 4  4 2 4  17 
0 3 7 8  5 5 5 3  ?O 4 6  
0 3 8 7  5 7 3  9 1 7  6 7  
0 3 9 4  5 0 5  9 t6 5 2  
0 4 0 0  5 S 4  1  16 37  
0 4 0 5  6 0 1  6 16 3 9  
0 4 0 9  6 0 8  0 16 4 0  
0 4 1 2  6 1 3  2  16 9 4  
0 4 1 3  6 1 1 6  18 7 9  
0 4 1 1  5 9 8 2  2 3  1 1  
O 40R 5 8 0  6 2 E  8 0  
STATOR 
6 
E X I T  
X IMM 
0 
7 3  
1 5 . 3  
2 5  3  
3 5 . 0  
4 4  7 
5 4  3  
6 4  0 
7 3  7 
8 3 . 6  
9 4 . 2  
'00 0 
1 oss 
0 0 7 5 0  
0 0 6 3 8  
0 0 5 4 9  
0 0 4 7 4  
0 0 4 4 3  
0 0 4 3 1  
0 0 4 3 3  
0 0 4 4 4  
0 0 4 8 9  
0 0 5 8 2  
0 0 7 2 5  
0 OR20 
.IM EFF 
7 5 7 8  
8 0 8  8  
0 4 3 3  
8 6 8 9  
8 8 0 3  
e859 
8 8 9  1  
8 8 9 0  
885 i 
8 7 0 8  
R 4 2 9  
8 7 3 7  
SECl . t1T 
1 2 . 0 4 1  
1 1 . 9 4 5  
1 1 . 8 3 9  
1 1 , 7 0 6  
ST ATOR 1 1 . 5 7 6  
6  1  I .  4 4 8  
PLANE 1 1 . 3 2 1  
SECTIONS 1 1 .  1 4 3  
1 1  0 6 4  
1 0 . 9 3 2  
1 0 . 7 9 2  
1 0 . 7  15 
STAGGER 
37  1 0  
31 7 6  
2 9  6 0  
2 7  56 
2 7  1 0  
2 7 . 0 7  
2 1  06 
2 7  0 9  
2 7  4 1  
2 8  P 7  
3 3  1 0  
3 7 . 2 2  
Table XXI. Vector and Alrfo i l  Geometry Data for Origi nol-Design Bl z l i n x  (Cont i nued). U n i t s )  




SL X IMM 
1 0 
2  8 . 0  
3 1 6 . 3  
4  2 6 . 4  
5  3 6 . 0  
6 4 5 . 5  
7  5 4 . 9  
8  6 4 . 3  
9 7 3 . 8  
10 8 3 . 5  
11 9 4 . 1  
12 1 0 0 . 0  
RADIUS 
1 1 . 9 3 1  
r i  , 8 3 0  
1 1 . 5 4 1  
1  I 6 2 2  
1 1 . 5 C 9  
1 1 . 3 9 8  
11 208  
1 ,  178 
1 1 . 0 6 6  
1 0  9 5 2  
1 0 .  A20 
1 0 . 7 5 9  
P H I  
- 4  09 
4 18 
3 96 
3 4 2  
- 2  8 0  
2  1'1 
- 1 5 7  
1 01 
0 4 9  
- 0  0 4  
0 24 
1 0 7  
ROTOR 
7  
E X Y  1 
SOL 
1 . 2 2 2 7  
1 . 2 3 1 0  
1 . 2 4 2 1  
1 . 2 5 5 1  
1 . 2 6 7 9  
1 . 2 8 0 8  
1 . 2 9 3 9  
1 . 3 0 7 2  
1  . 3 2  10 
1 . 3 3 5 4  
1 . 3 5 1 0  
1 ,3596 
1 oss 
9 0 8 8 0  
0 0 7 7 6  
0 0 6 7 3  
0 0 5 7 7  
0 0 5 0 6  
0 . 0 4 6 4  
0 0 4 6 5  
0 0 4 0 6  
0 0555  
0 0 6 4 2  






25 8 3  
2 3 . 6 2  
2 1  44 
19 5 3  
t 8  77  
1 8 . 7 5  
1 9 . 2 8  
PO. 38  
3 2 . 3 0  
2 5 . 2 5  
2 9  15 
3 1 . 4 6  
STAGGER 
5 4 . 0 7  
53 6 2  
5 3 . 2 5  
5 2 . 5 8  
5 1 . 5 7  
5 0 . 3 8  
4 9 . 0 1  
4 7 . 5 1  
4 5 . 7 5  
4 3 . 5 8  
4 0 . 9 7  
39 5 0  
S E C T .  HT 
1 1 . 9 5 5  
1 1  8 6 6  
1  1 . 7 6 8  
$ 1 . 6 4 6  
1 1 . 5 2 8  
1 1 . 4 1 2  
1  1 . 2 9 7  
1 1 .  181 
1 1 . 0 6 5  
1 0 . 9 4 6  
1 0  8 1 9  
10 7 5 1  
CHORD 
1 . 1 2 0 0  
1 .  1 2 0 0  
1 . 1 2 0 0  
* .  1 2 0 0  
1 .  1 2 0 0  
1 . 1 2 0 0  
1 . 1 2 0 0  
1 . 1 2 0 0  
1 . 1 2 0 0  
1 . 1 2 0 0  
1 . 1 2 0 0  





Table  XXI. V e c t o r  Diagram und A i r f o i l  Geometry Data for O r i g i n a l - D e s i g n  B l a d i n g  ( C o n t i n u e d ) .  (U.S. U n i t s )  
CEF CORE COMPRESSOR S T A I U R  7  - 112 VbNES 
STATOR 
7  
1 NL E  T  
X I Y M  
0 .  
7  . O  
1 4 . 9  
2 5 . 0  
3 4  9  
4 4 . 6  
5 4 . 3  
6 4 .  1  
7 3 . 9  
8 4 . 0  
9 4 . 5  
1 0 0 . 0  
M ABS C  Z 
0 3 5 5  5 2 3  6 
0 A64 5 4 8  0 
0 3 6 9  5 6 4  3 
0 3 7 6  5 7 9  9 
O 3 R 1  5 9 1 5  
0 3 8 6  5 9 9  5  
0 390 6 0 4  8  
0 3 9 2  6 0 7  8  
0 3 9 2  6 0 7  5  
0 3 9 2  6 0 4  3 
0 3 9 0  5 9 3  0 
0 3 8 8  5 8 1  4  
ALPHA PHI  
2 7  5 0  4 09 
23 4 9  2  0 7  
20 0 3  - 1 69 
17 1 0  1 5 0  
15 5 2  1 4 2  
I 4  9 8  I 3 6  
14 9 9  1  2 8  
I S  2 9  - 1  19 
16 2 9  1  1 0  
18  2 7  - 0  95 
2 2  19 0 5R 
2 5  4 0  0 30 
S l  ATOR 
7 
E X I T  
R-BAR SOL 
1 1 . 8 7 1  1  4 0 0 0  
1 1 . 7 8 9  1  4 0 0 0  
1  I .  6 9 9  1 . 3 9 9 9  
1 1  5 h 6  1 . 4 0 0 3  
0 . 4 7 7  1  4 0 3 0  
1 1 . 3 7  1  1 . 4 0 9 4  
1 1 . 2 6 4  1 . 4 1 9 7  
1 1 .  157  1  , 4 3 2 9  
1 1 . 0 5 0  1 4 4 7 0  
1 0 . 9 3 9  1 . 4 6 1 7  
( 0 . 8 2 1  1 4 7 7 7  
1 0 . 7 5 7  1  4 8 6 5  
LOSS 
0 0 8 2 0  
0 0 7 4 1  
0 0 6 5 8  
0 0 5 6 6  
0 0 5 0 1  
0 0 4 6 6  
0 0 4 6 3  
0 0 5 0 5  
0 0 5 7 8  
0 0 6 7 4  
0 0 8 0 6  
0 0 8 8 0  
SECT. HT 
1 1 . 0 7 1  
1 1 . 7 8 9  
1  1 . 6 9 9  
1  1 .  5 8 6  
STATOR 1 1 . 4 7 7  
7 1 1 . 3 7 1  
PLANE 1 1 . 2 6 4  
SECTIONS 1 1 .  157  
1 1 . 0 5 0  
1 0 . 9 3 9  
1 0 . 8 2 1  
1 0 . 7 5 7  
CHORD 
0 . 9 3 2 4  
0 . 9 2 5 9  
0 . 9 1 8 8  
0 . 9 1 0 2  
0 . 9 0 3 4  
0 . 8 9 9 0  
0 . 8 9 ' 1 2  
0 . 8 9 6 0  
0 . 8 9 6 9  
0 . 8 9 7 0  
0 . 8 9 7 0  
0 . 8 9 7 0  
CAMBER 
4 2 . 9 6  
4 0  66 
3 3 .  19  
3 8 . 0 8  
3 7 . 6 8  
3 7 . 7 2  
3 7 . 7 5  
3 8 .  1 1  
3 9 .  15 
4 1 . 3 7  
4 5  00 
4 7  2 6  
STAGGER 
3 7 . 3 2  
3 2  5 3  
2 9  1 1  
2 6 .  78 
2 5 . 7 6  
2 5 . 5 3  
2 5 . 5 3  
2 5 . 6 1  
2 6 .  17 
2 7 . 8 5  
3 1 . 8 6  
3 5  33 
Table  X X I .  Vector Diagram and Airfoi l  Gcomc , t r y  Data far Ori~inul-Design Blading (Contlnucd). 
CORE COMF ' R t  \<OR 
M  ABS 
0 3 6 0  
0 364 
0 372 
0 382  
0 391  
0 397 
0 4 0 2  
0 404 
0 4 0 5  
0 404 
0 402 
0 4 0 1  
M ARS 
0 493 
0 4 9 6  
0 500 
0 504  
0 5 0 8  
0 5 1 3  
0 5 1 8  
0 524  
0 5 3 1  
0 5 3 8  
0 5 4 7  
0 5 5 1  
CUM € F F  
0 7 8 0 9  
0 8064  
0 8 3 8 6  
0 8 6 3 3  
0 8754  
0 0 8 1 8  
0 0847  
0 8876  
0 8784  
0 8637  
0 8 3 7 3  
8 1 9 8  
B F l A l *  
36  0 9  
37  24 
38  27 
3 8  34 
38  16 
37  6 8  
36 84 
35 5 9  
3 3  77 
3 1  0 9  
27 0 7  








8  6 




1 1  
12 
X IMM 
0 .  
4 . 4  
1 2 . 7  
2 3 . 2  
3 3 . 4  
4 3 . 4  
5 3 . 3  
6 3 . 3  
7 3 . 4  
8 3 . 7  
9 4 . 4  
l o o .  0 
RADIUS 
1 1 . 7 9 4  
1 1 . 7 4 8  
11 6 6 2  
11 553 
1 1 . 4 4 8  
( 1  344 
11 2 4 t  
11.  138 
1 1 . 0 3 3  
1 0 . 9 2 7  
9 0 . 8 1 5  







8  6  




1 1  
12 
RADIUS 
1 1 . 7 6 6  
1 1 . 7 1 5  
1 1 . 6 2 6  
1 1 . 5 2 1  
1 1 . 4 2 2  
1 1 . 3 2 7  
l t . 2 3 3  
1 1 .  138 
1 1 . 0 4 2  
1 0 . 9 4 3  
t o .  8 3 5  
1 0 . 7 7 5  
M-REL 
0 395 
0 426  
0 . 4 6 9  
0 5 0 2  
0 5 f 8  
0 5 2 3  
0 5 3 0  
0 5 1 2  
0 496  
0 . 4 6 6  







ROTOR 5  
8  6  







0 .  
4 8  
1 3 . 4  
24  .O  
3 4 . 0  
4 3 . 8  
5 3 . 6  
6 3 . 3  
73  2  
8 3 . 4  
9 4 . 2  
100.0 
R  - BAR 
1 1 . 7 8 0  
11 .  131  
1 1 . 6 4 4  
11 5 3 7  
1 1 . 4 3 5  
1 1 . 3 3 5  
1 1 . 2 3 7  
1 1 .  138 
1 1 . 0 3 8  
1 0 . 9 3 5  
1 0 . 8 2 5  
1 0 . 7 6 6  
SOL 
1 . 2 1 4 4  
1 . 2  I 9 4  
1 . 2 2 8 3  
1 . 2 3 9 5  
1 . 2 5 0 4  
1 . 2 6 1 3  
1 . 2 7 2 1  
1  , 2 8 3 3  
I .  2948  
1 . 3 0 6 7  
1 . 3 1 9 8  
1 . 3 2 6 9  
OCV 
15 7 3  
12 8 4  
10 78 
9 57 
0  8 7  
8  4 9  
8 3 0  
8 27 
8 . 5 0  
9  10 
SO. 3 0  
1 1 . 3 2  
SECT HT 
1 1 . 7 8 0  
1 1 . 7 3 1  
1 1 . 6 4 4  
1  1 . 5 3 7  
1 1 . 4 3 5  
1 1 . 3 3 5  
1 1 . 2 3 7  
11 .  138 
t 1 . 0 3 8  
1 0 . 9 3 5  
1 0 . 8 2 5  
1 0 . 7 6 6  
STAGGFR 
5 3  5 3  
5 3  5 7  
5 3  28  
5 2  55 
5 1  8 2  
50 96 
4 9 . 8 7  
48 6 7  
47 , 6  
45  2 3  
42 74 





T a b l e  XXI. Vector Diagram and Airfoi l  Geomc-try 1)atu f o r  O r i g i n a l - D e s i g n  B l a d i n g  ( C o ~ l t l n u e d ) .  ( U . S .  Units) 
f f  E VORF COMPRf SSOR 5 1 1 1 0 R  8 - 104 VANES 
RAO l U S  
11.748 
1 1 698 
11.612 











I N L E T  
X IMM 










9 4 . 4  
1 0 0  0 
STATOR 
8 
E X I T  













R - B A R  
1 1  729 1 
1 1  683 1 
1 1  601 1 
1 1 5 0 0  1 
I 1  404 1 
1 1  310 1 
1 1  217 1 
1 1  134 1 
I 1  029 1 
10 932 1 
I0 828 1 


































PC AN€ 11.217 







































2 5 . 5 0  
26.09 



























































































































































































































































































Table XXI. Vector Diagram and A i r f o i l  Geometry Data for Original-Design B l a d i n g  (Continued). (U.S. U n i t s )  
E E E  CORE COMPRESSOR ROTOR 10 - 96 BLAOES 
SL X IMM 
1 0. 
2 4.5 








1 1  94.4 
1 1  100.0 
RAO 1 US 
11.600 
11.562 










M-ABS M R E 1  
0 3 0 1  0 6 3 3  
0 3 0 6  0 6 4 9  
0 3 1 2  0 6 7 2  
O 3 2 t  0 6 9 1  
0 328 0 701 
0 334 0 704 
0 338 0 701 
0 339 0 691 
0 339 0 677 
0 337 0 656 
0.335 0 624 
0 333 0 603 
ROTOR 
10 
I N L E T  











1 1  
12 
X I M M  
0. 











RAO I US 
11.577 











M - R E 1  U C Z BETA 
0 3 4 6  1242.9 3620 549 8  
0.376 1238.3 410 0 52 83 
0.416 1230.6 468.8 50 91 
0.449 1221.5 513.8 49 71 
0 467 1213. 1 541. 1 48 91 
0.474 1205.0 556.0 48 71 
0 4 7 2  1197.0 561.2 4 7 4 8  
0.460 1188.9 557 3 46 61 
0.44 1 1180.6 546.6 4 5 . 5 7  
0.412 1172.0 525 5 4 4  2 7  
0 3 6 4  11624 4 8 1 9  4 2 8 0  
0.329 1157. 1 443.2 42 22 
P H I  5 1. 
2 53 1 
2 74 2 
2 78 1 
2 45 4 
1 95 5 
1 39 6 
0 86 7 
0 40 8 
0 03 9 
0 20 10 
0 20 1 1  
0 50 12 











1 1  94.1 
12 $00.0 




1 1  392 1.2322 
11.310 1.2411 


















































29 .  17 
27.39 
25.36 



































I H U I ~  AAL. v e c c ~ r  viagram ana ~ l r r o l l  Wometry U a t a  for O r i g i  n n l - D e s i g n  B l a d i n g  ( C o n c l u d e d ) .  
STATOR 
10 
I N L E T  
STATOR 
10 
E X  I T  
STATOR 





S E C T I O N S  
SL X I M M  
1  0 .  
2  5 . 2  
3  1 4 . 1  
4  2 4 . 7  
5  3 4 . 5  
6  4 3  9  
7  5 3 . 3  
R 6 2 . 7  
9  7 2 . 4  
1 0  8 2 . 6  
11 9 3 7  
12 1 0 0 . 0  
SL # I M M  
t 0 .  
2  4 . 7  
3  1 3 . 2  
4  2 3 . 6  
5  3 5 . 6  
6  4 3 . 4  
7 5 3 . 1  
8  6 2 . 9  
9  7 2 . 9  
10 8 3 . 2  
11 9:. 1  
12 1 0 0 . 0  
S L C T .  H T .  
1 1 . 5 5 5  
11.518 
1 1 . 4 5 2  
1 1 . 3 7 0  
1 1 . 2 9 2  
1 1 . 2 1 6  
11.  140  
1  1 . 0 6 3  
1 0 . 9 8 5  
1 0 . 9 0 5  
1 0 . 8  19 
1 0 . 7 7 3  
R A D I U S  
1  1  , 5 5 8  
1 1 . 5 1 7  
11 .448  
11 .365  
1 1 . 2 8 9  
1 1 . 2 1 5  
1 t .  141 
11 .067  
10 .992  
1 0 . 9 1 2  
1 0 . 8 2 5  
10 .776  
R A D I U S  
1 1 . 5 5 2  
1 1 . 5 1 9  
1 1 . 4 5 7  
1 1 . 3 7 6  
1 1 . 2 9 6  
1 1 . 2 1 7  
11 .  * 3 8  
1 1 . 0 5 9  
1 0 . 9 7 9  
1 0 . 8 9 7  
1 0 . 8 1 3  
1 0 . 7 7 0  
R - B A R  
1 1 . 5 5 5  
11 .518  
1 1 . 4 5 2  
1  j .  3 7 0  
11 , 2 9 2  
11 .216  
1 1 .  140 
1 1 . 0 6 3  
1 0 . 9 0 5  
1 0 . 9 0 5  
1 0 . 8 1 9  
1 0 . 7 7 3  
CHORD 
0 . 9 9 8 4  
0 . 9 7 0 8  
0 . 9 2 8 1  
0 . 8 8 5 7  
0 . 8 5 5 6  
0 . 8 3 6 8  
0 . 8 3 0 5  
0 . 8 3 7 7  
0 . 8 5 7 2  
0 . 6 8 9 3  
0 . 9 3 7  1 
0 . 9 6 7 8  
E E F  CORE COMPRESSOR STATOR 10 - 140  VANES 
z 
2 9 . 9 1 1  
2 9 . 9 2 3  
2 9 . 9 4 2  
2 9 . 9 6 5  
2 9 . 9 8 4  
2 9 . 9 9 8  
3 0  0 0 4  
3 0 . 0 0 1  
2 9  9 9 0  
2 9 . 9 7 2  
2 9 . 9 4 8  
2 9 . 9 3 5  
2 
3 0 . 7 9 0  
3 0 . 7 9 0  
3 0 . 7 9 0  
3 0 . 7 9 0  
3 0 . 7 9 0  
3 0 .  7 9 0  
3 0  790  
3 0 . 7 9 0  
3 0 . 7 9 0  
3 0 . 7 9 0  
3 0 . 7 9 0  
3 0 . 7 9 0  
SOL 
1 . 3 2 5 3  
1 . 8 7 8 1  
1  . a 0 5 6  
1 .  7358 
1 . 6 8 8 2  
1 .6625  
1 . 6 6 1 1  
1 . 6 8 7 2  
1 . 7 3 8 9  
1 . 8 1 7 3  
1 . 9 3 0 0  
2 . 0 0 3 6  
CAREER 
73 54 
6 8 . 3 4  
6 1 .  12 
5 5  0 8  
5 1  .%8 
5 0 . 5 6  
5 0  5 5  
5 1 . 7 3  
5 4 . 1 1  
5 8 . 5 2  
6 6 . 2 0  
7 1 . 2 8  
p r / p r I  
2 5 . 0 9 5 2  
25.  1129 
2 5 .  1306 
2 5 .  1541 
25 1777 
2 5 . 2 0 1 3  
2 5  2248 
2 5 . 2 4 8 4  
2 5 . 2 7 1 9  
2 5 . 2 9 5 5  
2 5 . 3 1 9 0  
2 5 . 3 3 0 8  
P T / P I  I 
2 4 . 7 4 0 1  
24 .'7704 
2 4 . 8 1 2 8  
24 .a655  
2 4 . 9 1 0 9  
2 4 . 9 4 6  1 
2 4 . 9 7 0 0  
2 4 . 9 7 7 4  
2 4 . 9 7 0 6  
2 4 . 9 5 4 3  
2 4 . 9 2 3 2  
2 4 . 9 0 4 7  
OF 
0 . 6 7 2 4  
0 6265  
0 . 6 1 9 4  
0 . 6 1 0 7  
0 . 6 0 3 7  
0 . 5 9 9 7  
0 . 5 9 9 2  
0 . 6 0 2 1  
0 6067 
0 . 6  124 
0 . 6 7 0 6  
0 6259  
STAGGER 
2 8 . 4 5  
2 6 . 6 7  
2 3 . 7 5  
2 t . 1 2  
1 9 . 5 9  
18 87 
18.9c) 
19 .65  
2 0 . 8 6  
2 2 . 7 6  
2 5 . 7 9  
27 85 
r T / r r  I 
2 . 8 4 7 2  
2  8019  
2 . 7 3 7 9  
2 . 6 9 0 6  
2 . 6 6 7 4  
2 . 6 5 7 2  
2  6558  
2 . 6 6 6 3  
2 . 6 8 7 4  
2 . 7 3 0 1  
2 . 8 0 0 9  
2 . 8 4 9 6  
T T / T T I  
2 . 8 4 7 2  
2  8012 
2  7379 
2  . 6 9 0 6  
2  6674  
2 . 6 5 7 2  
2 . 6 5 5 8  
2 . 6 6 6 3  
2 . 6 8 7 4  
2 . 7 3 0 1  
2 . 8 0 0 9  
2 . 8 4 9 6  
LOSS 
0 . 1 1 1 0  
0 .1 '363  
0 0977  
0 . 0 8 7 7  
0 . 0 8 0 3  
0 . 0 7 6 1  
0 . 0 7 5 1  
0 . 0 7 8 8  
0 . 0 8 6 4  
0 . 0 9 6 2  
0 .  1097 
0 .  1170 
RETA l *  
64  47 
6 0 . 3 1  
5 4 . 4 4  
4 9 . 5 8  
4 6 . 9 4  
4 5 . 7 4  
4 5 . 7 0  
4 6 . 6 8  
4 8 . 5 7  
5 2 . 0 6  
5 8 . 2 4  
6 2 . 5 8  
M ABS 
0 453 
0 . 4 5 4  
0 456 
0 . 4 5 8  
0 . 4 6 0  
0 . 4 6 3  
0 . 4 6 5  
0 . 4 6 8  
0 . 4 7 2  
0 . 4 7 6  
0 . 4 8 1  
C 464 
M - A B S  
0 . 2 6 3  
0 . 2 6 5  
0 . 2 6 9  
0 . 2 7 4  
0 278 
0 . 2 8 2  
0 . 2 8 3  
0 . 2 8 3  
0 . 2 8 2  
0 . 2 8 1  
0 278  
0 276 
CUM E F F  
0 .  7714 
0 . 7 9 2 7  
0 . 8 2 3 7  
0 . 8 4 8 9  
0 8618  
0 . 8 6 9 0  
0 . 8 7  18 
0 . 8 6 9 5  
0 . 8 6 2 6  
0 . 8 4 6 4  
0 . 8 ! 9 3  
0. 8 0 2 0  
BET A2 
- 9  0 7  
- 8 . 0 3  
- 6 . 6 7  
5 . 5 0  
- 4 . 9 4  
- 4  8 2  
- 4  0 6  
- 5 . 0 4  
- 5  54 
6 . 4 6  
- 7 . 9 6  






-0  4 0  
-0  5 1  
0 6 8  
0 9 0  
O A 7  






1  C)3 
1  10 
1  17 
0 78 
0 4 1  
0 22 
0 7 5  
- 1  15 
1  36 
-0  76 
T T F / C  
0 0 1 3 0  
0 0 1 2 0  
0 0 1 2 0  
0 0 1 2 0  
0 0 1 2 0  
0 0 1 7 0  
0 0 1 7 0  
0 0 1 2 0  
0 0 1 3 0  
0 012'3 
0 0 1 2 0  
0 0 1 2 0  
( U . S .  U n i t s )  
T a b l e  X X I I .  A i r f o i l  Geometry  D a t a  for F i n a l - D e s i g n  B l a d i n g .  
CORE C O W  'RESSOR RO TOR CEDMFTRY 






28.685 ( 11.293 ) 
27.249 ( 10.728 
2 5 . 7 3 5  ( ( 0 . 1 3 2 1  
24.t12 ( 9.493) 
22.328 ( 8.790) 
20.269 ( 7.980) 
19.069 ( 7.507) 
CHORD 
10.2761 ( 4  046) 
10 2597 (4.0391 
10.2575 14.038) 
10.2623 (4.040) 
10.2606 ( 4.040 ) 
10.2608 14.040) 
10.2603 (4.039) 
( 0 . 2 5 9 8  ( 4 . 0 3 9 1  
(0.2573 (4.038) 
10.2537 (4.037) 




























R E T A  1 * B E T A Z *  






5 5 8 8  13.82 
5 4 6 0  37.24 
5 3 . 4 8  28.45 
52.63 16.07 
52.41 - 1.94 
52.73 -12.51 
ROTOR 1 
28 B L A O E S  
P L A N E  
SECT IONS 
S E C T .  H T .  
33.453 113. 170) 
32.637 (12.849) 
31.878 (12.550) 





25.821 (10. 166) 
24.706 ( 9.727) 
23.508 ( 9.255) 
22.862 ( 9.001) 
CHORD 
7.0337 12.769) 






































'48 B L A D E S  
r L ANE 
S E C T I O N S  
S E C T .  H T .  
32.717 (12.881) 
32. 103 (12.639) 
31.540 (12.4171 
30 822 ( 1 2  135) 






25.606 ( 1 0 . 0 8 0  
25. 155 ( 9.9031 
CHORD 
5.0342 (1.982) 
5.0514 ( 1.989) 
5.0522 (1.9891 
5.051 1 ( 1.989) 
5.05te (r.ge9) 
s.051 1 t 1 . 9 ~ 9 )  
5.0520 (1.989) 








11. I t  
1 1  04 























P L A N E  
S E C T I O N S  
S E C T .  H T .  
32.028 (12.610) 
31.544 (12 419) 






27.826 ( 10.955) 
27.260 (1C.7321 
26.656 ( 10.495) 
26.322 ( 10.363 
CHORD 




3.9932 ( 1 .  572) 

































R F T A  1 * B E ' r A 2 *  
t3.71 41.37 
62 64 44 76 
61.55 46.02 
6 0 0 2  44.87 
5 8 5 1  43.34 
5 7 1 1  41.60 
5 5 7 7  3 9 5 0  






6 0  B L A D E S  
P L A N E  
S E C T I O N S  
Table  XXII. Airfo i l  Geometry Data for F i n a l -  B l a d i n g  (Cor: t i nuc 
S E C T .  H T .  
31.433 (12.375) 
31.034 ( 12.21R) 
30.683 ( 12.080) 
30.241 (11.9061 
29.808 ($1.735) 
29. 377 ( i 1 , 5 6 6 )  
28.945 ( 1 1.396) 
28.512 (11.225) 
28.074 (11.053) 




3 4275 ( 1 349 1 2 0  67 
3 4275 1 1 349 19 07 
3 4275 ( 1 649 I 17 97 
3 4274 (1 349) 17 20 
3 4272 ( 1  359) 17 05 
J 4272 ( 1 349 1 17 40 
3 4270 ( 1  349) 18 24 
34267 ( 1 3 4 9 )  1978 
3 4217 ( 1  347) 22 62 
3 4057 ( 1 34 1 ) 26 98 
3 3760 1 1 3291 32 75 















7 0  BLADES 
P L A N E  
SECT IONS 
S E C T .  HT. 






28 804 (11.340) 
28.449 (11.200) 
28.091 (11 059) 
27.725 (10.915) 
27.335 (10.762) 
27. 121 (10.67R) 
.IORD CAMBER 
(1. 1491 22.76 
(1.149) 20.93 
( 1.149) 19.23 
(1.149) 17.82 
(1149: 17.24 
f1.149) 1 7 1 7  
1 1 .  149) I?. 70 
(1. 149) 19 16 
(1 148) 21.67 
! 1 1 4  25.40 
( 1. 131) 30.02 
(1. 129) 32.71 
ROTOR 6 
80 B L A D E S  
P L A N E  
S E C T I O N S  
S E C T .  H T .  
30.365 111.955) 





28.694 ( 1 1 ,297 ) 
28.401 ( 1 1 .  181) 
28. 105 (11 065) 




2.8448 ( 1 .  120) 
2.8448 ( 1 .  12C1 
2.8448 (1. 120) 
2.8448 f 1 .  120) 
2.8448 (1.120) 
2.8448 (1.120) 
2.8448 ( 1. 120) 
2.8448 (1. 120) 
2 8448 (1 120) 
2 8448 ( 1 .  120) 
2.8448 (1 120) 















82 B L A D E S  
PLANE 
S E C T I O N S  
S E C T .  H T .  
29.921 (11.780) 
29.797 ( 11.731) 
29.576 ( 1 1.644 ) 
29.304 ( 11.537 ) 
29.045 f 11.435) 
28.792 ( 1 1.335 ) 
28.541 (11.237) 
21.290 I 11. 138) 
28.036 (11.038) 
27.774 (10.935) 
27.496 ( 10.825) 






2 7164 4 1.069) 
2.7162 (1.0691 
2.7159 11.069) 






2 7 6 0  55.53 
25 i O  55 57 
13.68 55.28 
22.74 54.55 







03 32 43. 16  
ROTOR 8 
84 SLADES 
P L A N E  
SECT I O N S  
R O T O R  9 
A 6  BL4DFS 
P I  ANE 
SEC1 IONS 
ROTOR ' 10 
94 BLADES 
PL 4NE 
S E C T I O N S  
Table  XXII. 




29. 112 f 11.461) 
28.881 (11.370) 
28.656 (11 282) 
28.434 (lt. 195) 
28.212 ( 1 ' .  107) 
77.985 (Il.Ol8) 
27 75 1 ( 10.926 I 
27.502 ( 10.827) 
27.367 ( 10.774) 
S E C T .  H T .  
29.435 ( 11 .588  
29.333 ( 11.548 1 





28. 130 (11.075) 
27.926 (10.9951 
77.715 (10.912) 
2 7  490 i 10.823t 
27.368 (10.715) 
Airfoil  Geometry Data for Final-Design B l a d i n g  (Continued). 
CHORD 
2 . 5 4 0 0  ( 1.000) 
2 5400 ( 1  000) 
2.5400 0 000) 
2.5400 ( 1 000) 
2 5400 (1 000) 
2.5400 (1.000) 
2 5400 (1.000l 
2 5400 ( 1.000) 
2.5400 ( 1.000) 
2 5400 (1.000) 
2.5400 (1.000) 
2.5400 (1 000) 
CHOPD 
2.2860 ( 0  900) 
2.2860 (0.900) 
2.2860 10.900) 
2 2860 (0.900) 




2.2860 10 900) 
2.2860 (0.900) 
2.2860 (0.900) 
2 2860 I 0  900) 
C A M B E R  
2 7  53 




7 2  23 
22.51 
23.35 





2 9 .  17 
27 .39 
25 36 










56 9 4  
5fi 55 
56 I I 
55.71 
55 1 1  
54.35 


















4 7 . R f  
Tab1 e XXI I .  Airfoi l  Georcletry L'ata for  Final-Design B l a d i n g  (Continued). 
CORE CDMPRE SSDR S l  A l OR CEDMF7RY 
S E C T .  H I .  
3 5 . 8 7 6  ( 1 4 .  1 2 4 )  
3 4 .  P s e  1 1 3 . 7 2 0 )  
3 3 . 8 1 0  ( 1 3 . 3 1 1  1 
3 2 . 3 8 8  ( 1 2 . 7 5 1 )  
3 0 . 9 Q 5  ( 1 2 .  1 6 7 )  
2 9 . 3 3 9  ( 1 1 . 5 5 1 )  
2 7 . 6 7 1  ( 1 0 . 8 9 4 )  
2 5 . 8 7 5  ( 1 0 .  1 8 7 )  
2 . 9 . 9 1 0  ( 9  4 1 3 )  
2 1  6 8 7  ( 8 . 5 3 8 )  
1 8 . 9 9 4  ( 7 . 4 7 8 )  
1 7 . 3 1 2  ( 6 . 8 1 6 )  
CHORD 
6 2627  1 9  4 6 6 )  
6  1418 ( 2  4 1 8 )  
6 0 1 9 7  ( 2  3 7 3 )  
5 8 5 2 6  ( 2  3 0 4 )  
5  6 7 8 1  ( 2  2 3 5 )  
5 4937  ( 2  162 1 
5 2 9 7 5  ( 2  0 8 6 )  
5 0 8 6 7  ( 2  OC2) 
4  8 5 5 2  ( 1  9 1 1 )  
4  5938 ( 1  a03 ) 
4  2 7 7 1  ( 1  6 8 4 )  
4  0 7 9 3  ( 1  6 0 6 )  
STAGGER C L r l  
8  0 4  0 71 
8 5 3  0 77  
R  6 7  0 80 
B 3 2  0 79 
7  6 4  0 76  
6 7 8  0 7 1  
5  7 1  0 6 5  
4  56 0 5 7  
3 2 6  n 5 0  
1  6 3  0 3 9  
- 1  0 2  0 2 2  
3 00 0 0 8  
I GV 
3 2  VANES 
P L A N E  
S F C T  1 OFIS 
S E C T .  H I .  
3 3 . 9 5 3  ( 1 3 . 3 6 7 1  
3 2 . 9 9 2  ( 1 2 . 9 8 9 )  
3 2 .  102  ( 1 7 . 6 3 9 )  
3 0 . 9 4 5  ( 1 2 .  1 8 3 )  
2 9 . 7 8 5  ( 1 1 . 7 2 6 )  
3 8 . 6 0 5  ( 1 : . 2 6 2 i  
2 7 . 3 9 6  ( 1 0 . 7 8 6 )  
2 6 . 1 4 6  ( 1 0 . 2 9 4 )  
2 4 . 8 4 4  ( 9 7 8 1 )  
2 3 . 4 6 8  ( 9 . 2 3 9 )  
2 1 . 9 7 7  ( 8 . 6 5 2 )  
2 1 . 1 6 7  ( 8 . 3 3 3 )  
AMRER 
4 0  4 3  
3 8  8 3  
3 7  5 8  
3 7  l o  
37  7 9  
3 8  69 
3 9  7 3  
4 0  99 
4 2  34  
4 3  79  
44  55 
44 6 0  







A' )  99 
50 15 
5 1  80 
5 5  5 7  
61  ?7  
6 4  90 
STATOR 1  
50 V A N E S  
PC ANE 
SECT IONS 
S E C T .  H I .  
3 3  0 7 1  ( 1 3 . 0 2 0 )  
3 2 . 3 5 4  ( 1 2 . 7 3 8 )  
3 1 . 6 9 9  ( 1 2 . 4 8 0 )  
3 0 . 8 6 0  ( 1 2 . 1 4 9 )  
3 0 . 0 2 7  ( i 1 . 8 2 2 )  
2 9 .  1 8 9  ( 1 1 . 4 9 2 )  
28 3 4 2  ( 1 1 . 1 5 8 )  
2 7 . 4 8 3  ( 1 0 . 8 2 0 )  
2 6 . 6 0 7  ( 1 0 . 4 7 5 )  
2 5 . 7 0 1  1 1 0 .  1 1 8 )  
2 4 . 7 3 7  ( 9 . 7 3 9 )  
2 4  2 1 9  f 9.535) 
B E T A  1  + 
5 8  8 7  
52  0 2  
4 8 .  12 
4 5 . 9 3  
4 4 . 9 4  
4 4  4 5  
4 4 .  19 
44 0 2  
4 0 . 9 8  
44  6 4  
4 6  8 1  
4 8 . 5 0  
STATOR 2  
68 V i N E S  
P I  ANE 
SECT I O N S  
S l  AGGF R  
3 9 . 8 6  
3 2 . 3 8  
2 8  8 7  
2 7 . 5 0  STATOR 3  
8 2  VANES 
PL ANE 
S E C T  I O N S  
Tab1 e XXI I ; .  Airfoil Oeometry Data for Final (Continued). 
SECT.  H T  . 
31.726 ( 12.490) 




























SECT.  Hf . 
31.167 (12.170) 







28.087 ( 11.058) 











































i 10 VANES 
PLANE 
SECTIONS 

















2. 1745 (0.056) 
2. 1496 (0.846) 
2. 1260 (0.8371 
2. 1128 (0.832) 
2 .  1097 (0.831) 
2. 1072 (0.830) 
2. 1074 (0.830) 
2. 1053 (0.829) 












2 4 . 9 2  
24.41 




SECT.  H T .  
30.152 ('1.871) 















STATOR 8  




118  V A N E S  
P L A N E  
SECTIONS 
STATOR 1 0  
1 4 0  VANES 
PLANE 
SECTIONS 
Tab1 c X X I  I. 
S E C T .  H T .  
2 9 . 7 9 3  ( 1 1 . 7 2 9 )  
2 9 . 6 7 6  ( 1 1 . 6 8 3 )  
2 9 . 4 6 8  ( 1 1  6 0 0  
2 9 . 2 1 1  f 1 1 . 5 0 0 )  
2 8 . 9 6 6  ( 1 1 . 4 0 4 )  
2 8 . 7 2 P  ( 1 1 . 3 1 0 )  
2 8  4 9 2  ( 1 1 . 2 1 7 1  
2 9 . 2 5 5  ( 1 1 .  1 2 4 1  
2 8 . 0 1 4  ( 1 1 . 0 3 9 )  
2 7 . 7 6 6  ( 1 0  9 3 2 )  
2 7 . 5 0 3  ( 1 0 . 8 2 8 )  
2 7 . 3 6 0  ( 1 0  7 7 2 )  
SECT. H T .  
2 9 . 5 5 2  1 1 1  6 3 5 )  
2 9 . 4 4 4  ( 1 1 . 5 9 2  ) 
2 9  2 5 5  ( 1 1  5 1 8 1  
2 9  0 2 3  1 1 1 . 4 2 7 )  
2 a . 8 0 4  ( 11 3 4 0 )  
2 8 . 5 9 1  ( 3 1 . 2 5 6 )  
2 1 , 3 8 1  ( 1 1 . 1 7 4 )  
2 6 .  1 7 0  ( 1 1 . 0 9 1 )  
1 7 . 9 5 5  1 1 1  0061 
2 7 . 7 3 2  ( 1 0  9 1 8 )  
2 7 . 4 9 5  ( 1 0  8 2 5  I 
2 7 . 3 6 6  ( 1 0  7 7 4 )  
SECT.  H T .  
2 9 . 3 5 0  ( 1 1 . 5 5 5 )  
2 9 . 1 5 7  ( 1 1 . 5 1 8 1  
2 9 . 0 0 9  ( 1 1 . 4 5 2 )  
2 0 . 1 0 1  1 ( 1 . 3 7 0 )  
2 8 . 6 0 2  ( 1 t . 2 9 2 )  
2 8 . 4 8 8  ( 1  1  2  16 1  
2 8 . 2 9 5  ( 1 1 . 1 4 0 )  
2 8 .  1 0 0  1 1 1 . 0 6 3 )  
2 7 . 9 0 2  ( 1 0 . 9 8 5 )  
2 7 . 6 9 8  ( 1 0 . 9 0 s )  
2 7 . 4 8 0  I t O . 8 1 9 )  
2 7 . 3 6 4  ( i 0 . 7 7 3 )  
A i r f o i l  Geometry Dtltn 
CAMRCR 
50 9 1  
50 09 
4 6  58 
4 6  93  
4 6  17 
4 5  39 
4 6  CP1 
4 6  5 !  
4 7  66 
4 9  7 5  
5 3  12 
55 4R 
for Final  -lks i gn 

